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Introduction 
This book has been prepared to give the user a concise list of all LSI Products 
offered by Monolithic Memories. It is divided by products into sections on Military 
Products Division, PROMs, PLE'· devices, PAL~ devices, HAL~/ZHAL devices, 
System Building Blocks/HMSI'·, 
FIFOs, Memory Support, Arithmetic Elements 
and Logic, Multipliers, 8-Bit Interface, Double-Density PLUS Interface, (CMOS 
products included), Logic Cell Array, ECL1OKH products and a General Informa- 
tion Section which has definition of Terms and Waveforms. Each section has been 
designed to allow the user the most useable format for the products described. 
Cross reference and selection gUides are given where applicable. FIFO, PAL 
devices, System Building Blocks/HMSI'·, 
Multipliers, 8-Bit Interface, Double- 
Density PLUS Interface and ECL1OKH data sheets are shown in detail for each 
product. Advance Information Sheets are included to inform you of soon-to-be 
released products. This LSI databook was formatted with you, the user, in mind. 
For more information, contact the local Monolithic Memories sales representa- 


.tive or franchised distributor. In section 19 of this book Monolithic Memories Sales 
Reps and Franchised Distributors are listed, for your convenience. 
Products listed in the Advance Information section were due for imminent 
release at the time of printing. Please contact Monolithic Memories for current 
availability and full parametric specifications. 


Prices 
All prices are in U.S. dollars and are subject to change with- 
out notice. 
Terms 
I 


70%/30 
days, 30%/45 
days from 
date of invoice, 
FOB 


sunnyvale'IGalifornia. 


Minimum Order Requirements 


For all ordf 
placed in the factory there is a minimum order, 


requireme 
t of $1000 ($100 per line item) except for the 


following: 


HAL" Clrcu\b-A 
Non-Recurring 
Engineerin~ (NRE) charge 


is made to cover mask and test vector generation. ThiScharge 
may be ambrtized 
over the initial production 
commitment. 


Minimum 
production 
commitments 
and NRE charges are 


as follows: I 


MIN. 
MIN. QTY 
NRE 
ANNUAL QTY 
PER DELY 
l 
20 and 24 prn HAL 
devices: 


Combinatorial patterns 
Sequential patterns 
ZHAL "'20/~OA/24A 
MegaHAL'" 
HAL32R16 
$5K 
2,5OOpes 
500 pes 


ZHAL64R3¥ 
$5K 
1,000 pes 
200 pes 


Pro PAL'" Clrcults-ProPAL 
circuits 
are programmed 
PAL 


devices whi~h are functionally tested by Monolithic Memories 
prior to shipment. The NRE charg~ covers setup and test 
vector 
generation 
costs and may be amortized 
over the 


initial production commitment 
quantities. A nominal per unit 


programmirtg 
and testing 
charge is also made and varies 


according t6 device type. NREs and minimum order require- 
ments for ProPAL circuits are as follows: 


$2.5K 
$2750 
$4K 


5,000 pes 
5,000 pes 
5,000 pes 


2,000 pes 
2,000 pes 
2,500 pes 


20""4+_;~ 


MIN. 
MIN.QTY 


NRE 
ANNUALQTY 
PER DELY 


$500 
2,500 pes 
500 pes 
combinatorfl 
patterns 
Sequential 
atterns 
$750 
2,500 pes 
500 pes 
MegaPAL"': 
PAL32R16 
$1K 
1,000 pes 
200 pes 


PAL64R32 
$1K 
500 pes 
100 pes 


General L 
Unless othe 
ise specified, the standard packages are "J" or 


"N" paCkag's. In some instances the "0" package is the only 
package available. Other non-standard packages and military 
Level 883BI devices not listed may be available. Contact a 
sales representative 
of Monolithic 
Memories. Non-standard 


devices 
ars considered 
nonreturnable 
by distribution 
to 


Monolithic Memories. 


In-House PROM Programming Guidelines 


1) Minimum Order Size. 


){K-8K 
5K pes/yr/pattern 


I 
500 pes/shipment 
16K-32K 
2.5K pes/yr/pattern 
250 pes/shipment 


2) Lead Time: 
Initial code acceptance six weeks. 
Standard lead time plus two weeks after 
code acceptance. 


J) Cancellations: 60 Days 
4) Schedule Change: 30 Days 


5) Price Adder: 


A nominal per unit programming 
and testing charge is 


made and varies according to device type. Price includes 
ink marking with customer pattern number. 


6) Inputs: Truth Table, Paper Tape, Disk, Master; a com- 


bination of two inputs are required. If only one 
input is supplied, a sample lot must be signed 
off by the customeL 
•• 


Commercial/Industrial/Military 
Codes 


The letter codes "C;' "I;' and "M" are used to denote com- 
mercial, industrial, and military device limits as follows: 


Commercial- 
TA 
= ooC to + 75°C 
Vcc = 5V±5% 
Industrial~ TA 
= -40°C 
to +85°C 
Vcc = 5V±10% 
Military- 
TA 
= -55°C to + 125°C 
Vcc = 5V±10% 


Package Codes 


All devices ordered must include a package code as a suffix 
to the part number. The package code definitions 
are shown 


below. 


PACKAGE 
CODE 
J 
JS 


DESCRIPTION 
Ceramic dual-in-line 
Ceramic dual-in-line 
SKINNYDI~ 
Plastic dual-in-line 
Plastic dual-in-line 
SKINNYDI~ 
NL 
Molded leaded chip carrier 
o 
Side brazed ceramic dual-in-line 


F 
Flat Pack-Bottom 
Brazed 
L 
Leadless-Ceramic 
chip carrier 


T 
Inverted "0" package 
P 
. Pin Grid Array 
W 
Cerpack 
See "Part Numbering Systems" for complete part descriptions. 


DIP Package Width Configuration 


300 mil 
600 mil 
900 mil 


16,18,20 
pin 
N,J 


24 pin 
NS,JS 
N,J 


28, 40, 48, 52 pin 
N,J 


64 pin 
0 


PART 


PROCESS LEVEL 
MARKING 


MIL-STD-883 
Method 5004 and 5005 
883B 


LevelB 
(Suffix) 


Monolithic W Memories 


PAL® 
Programmable 
Array Logic Circuits 


PAL 16 L 8 B -4 C N STD H01234 


FAMILYTYPE 
T--' 


PAL 
= Programmable Array Logic 
PAL10H = ECL 10KH Programmable Array Logic 
HAL 
= Hard Array Logic 
ZHAL 
= Zero-power Hard Array Logic 


NUMBER OF ARRAY INPUTS--------' 


OUTPUT CELL 
L 
= Active low 
H 
= Active High 
C 
= Complementary 
P 
= Programmable Polarity 
RP = Registered Programmable Poisrity 
S 
= Shered 
RS = Registered Shered 
X 
= Exclusive-OR 
A 
= Arithmetic 
VX = Varied Exclusive-OR 
RA = Registered Asynchronous 
G 
=Latched 


NUMBER OF OUTPUTS 


SPEED 
Blenk = Standard 
A 
= High Speed 
B 
= Very High Speed 
D 
= Ultra High Speed 


POWER 
Blenk 
= Standard 


-2 
= 1/2 Power 
-4 
= 1/4 Power 


OPERATING CONDITIONS 
C = Commen:lal 
I 
= Induatrtal 
M = Milltlory 


PACKAGE 
N 
=_tIcDIP 
J 
= Coramlc DIP 
NS = _tic 
SKINNYDIP 
JS 
= Coramlc SKINNYDIP 
NL = _ 
~ 
Chip CarrIer 
P 
= Pin Grid Array 
L 
= laid •••• Chip Corrler 
W 
= Corpack 
F 
= Flat Pack 


PROCESSING 
STD = Standard 
XXXX = Other 


MonolithicW Memories 


I 
PLETM 
Programmable 
Logic Element 


PLESP8 C N STD 
~~ 
[=rf 
1 L'"o,,'''~ 
PLE = Progral1Jmable 
STD = Standard 


Logic Element 
XXXX = Other 


NUMBER OF INiUTS 
PACKAGE 
N 
= Plastic DIP 


OUTPUT TYPE 
J 
= Canlmlc DIP 


P = Programmlble Polarity 
NS = P1asueSKINNYDIP 


R = Registered 
JS 
= Canlmlc SKINNYDIP 
NL = Plasue Laaded 


NUMBER OF 0 
TPUTS 
Chip Carrier 


L 
= Laadle•• Chip Carrier 
W 
= Carpack 
F 
= F1.t Peck 


TEMPERATURE CODE 
C = Comme",lel 
M = Mllltery 


I 
MC 10H 101 NL 


STANDARI~ J [PACKAGE 
PREFIX 
N 
= Plastic DIP 
J 
=: Ceramic DIP 


FAMILY 
NL =: Plastic Leaded 


10KH = High-Speed 10K ECL 
Chip Carrier 


UNIQUE THREE-DIGIT 
PART NUMBER 


C67401 
A NL 


CASCADAB~L1TY....J"J r~~~' 


C 
= C.scedable 
N 
= PI.stlc DIP 


Blenk = S'fndalone 
J 
= Cenlmlc DIP 


TEMPERATllRE CODE 
NL = Plastic Leaded 


67 = Comme",lel 
Chip Carrier 


PARTNUM~ER 


SPEED 
Blenk = Stendard 
AlB 
= Enhanced 


•• 
High Performance 
PROMs 


63S3281 A N STD 


ATURE---l 
L 


ma",lel 
llltery 


CT 
rammabh! 
acK>nly Memory 
ROM) 


Schottky 
Registered 
ynchronoul 
Registered 
Synchronous 
DI.gnostlc 
Dlegnostlc 
ynchronoul 


YSIZE 
6 bits 
6 = 6192 bite 
24 bits 
16 = 16364bite 
8 bits 
32 = 32766bite 
6 bits 
64 = 65536bite 


R OF OUTPUTS - 


PACKAGE 


N 
= Pluue DIP 


J 
= Canlmlc DIP 
NS = Pluue SKINNYDIP 
JS 
= Canlmlc SKINNYDIP 


NL = Pluue L•• ded 
Chip Carrier 
L 
= Laadle•• Chip Carrier 


W 
= Carpack 


F 
= Flat Peck 


TEMPER 
CODE 
6 
=Com 
5 
= M 


PRODU 
3 = Prog 
Re 
(P 


PROCESSING 


STD = Standard 
XXXX = Other 


FAMILY 
S 
= 


RA = 


As 
RS = 


D 
= 


DA = 


As 


MEMOR 
0=25 
1 = 10 
2=204 
4=409 


PERFORMANCE 
None = Stendard 
A 
= Enhanced 


OUTPUT DESIGNATOR 


o = Open Collector 
1 = Th•.•••..Stete 
2 = Three-Stete 
(Alternate En.bIeo) 


3 = Two-Stete 
5 =: Alternate 
Pinout 


Memory 
Support/ 
Arithmetic/ 


HSMI/ 
Double-Density 
PLUSTMInterface 


SNS4LS646 
J 8838 


STANDARD---=r- J 
1 L HI-REL SCREENING LEVEL 


PREFIX 
663B = MII-Std-663, Cia•• B 


TEMPERATURECODE 
PACKAGE TYPE 


74 = Comma",lal 
J 
= Cenlmlc DIP 


54 = Mllltery 
L 
= Leadle•• Chip C.rrIer 


W = Cerpack 
NS= Plastic SKINNYDIP 
JS = Cer.mlc SKINNYDIP 
NL= P1aa1lcLeaded Chip Carrier 


L- 
UNIQUE THREE-DIGIT 
PART NUMBER 


FAMILY------...J 
S 
= Schottky 
LS = Low-Power Schottky 
ACT = Advanced CMOS, 


TTL-Compatlble 
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Switching Test Load 
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Registered 
PROMs 
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512x8 bit Registered 
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512x8 bit Registered 
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53/63RS881A 
1024x8 bit Registered 
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53/63RA1681 
2048x8 bit Registered w/Asyn 


Enable 
. 


53/63RA1681A 
2048x8 bit Registered w/Asyn 


Enable 
. 


53/63RS1681 
2048x8 bit Registered w/Sync 


Enable 
. 


53/63RS1681A 
2048x8 bit Registered w/Sync 


Enable 
. 
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Schematic of Inputs and Outputs 
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Registered 
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1024x8 bit Diagnostic Registered 


53/63DA841 
2048x4 bit Diagnostic Registered 


with Asynchronous Enable 
and Output Initialization 
. 


53/63D1641 
4096x4 bit Diagnostic Registered 


Asynchronous Enable 
. 


53/63DA1643 
4096x4 bit Diagnostic Registered 


Output Initialization 
. 
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1. 
ACCEPTANCE 
THE TERMS 
OF SALE CONTAINED 
HEREIN 
APPLY TO 


ALL QUOTATIONS 
MADE AND PURCHASE 
ORDERS 
ENTERED INTO BY THE 


SELLER. SOME OF THE TERMS SET OUT HERE MAY DIFFER FROM THOSE 
IN BUYER'S 
PURCHASE 
ORDER 
AND SOME MAY BE NEW. THIS ACCEPT- 


ANCE 
IS CONDITIONAL 
ON BUYER'S 
ASSENT 
TO THE TERMS 
SET OUT 
HERE IN LIEU OF THOSE 
IN BUYER'S 
PURCHASE 
ORDER. SELLER'S 
FAIL- 
URE TO OBJECT 
TO PROVISIONS 
CONTAINED 
IN ANY COMMUNICATION 
FROM BUYER SHALL NOT BE DEEMED A WAIVER OF THE PROVISIONS 
OF 
THIS ACCEPTANCE. 
ANY CHANGES 
IN THE TERMS 
CONTAINED 
HEREIN 
MUST SPECIFICALLY 
BE AGREED TO IN WRITING BUY AN OFFICER OF THE 


SELLER 
BEFORE 
BECOMING 
BINDING 
ON EITHER THE SELLER 
OR THE 
BUYER. All orders or contracts must be approved and accepted by the SeUer at its 
home office. These terms shall be applicable whether or not they are attached to or 
enclosed with the products to be sold hereunder. 


2. 
TAXES Unless otherwise specifically 
provided herein, the amount of any pres· 
ent or future sales, revenue, excise or other tax applicable to the products covered 
by this order or the manufacture 
of sale thereof, shall be added to the purchase 


price and shall be paid by the Buyer, or in lieu thereof the Buyer shall provide the 
Seller with a tax exemption 
certificate 
acceptable 
to the taxing authorities. 
In the 


event Seller is required to pay any such tax, fee, or charge, at the time of sale or 
thereafter, the Buyer shall reimburse 
Seller therefore. 


3. 
RELEASE Prices apply only if the quantity hereunder is released within twelve 


(12) months and shipments 
scheduled 
no more than eighteen 
(18) months from 


the date of Seller's receipt of Buyer's order; otherwise, 
Seller's standard 
prices in 


effect at the time of release date shall apply to the quantity shipped, and Buyer 
shall be invoiced for the difference 
in price, if any. 


4. 
FOB POINT Shipments of goods within and outside the U.S. shall be delivered 


FOB Seller's plant, and title and liability for loss or damage thereto shall pass to 
Buyer upon Seller's tender of delivery 
of the goods to a carrier for shipment 
to 


Buyer. and any loss or damage thereafter 
shall not relieve Buyer of any obligation 


hereunder. Buyer shall reimburse Seller for taxes and any other expenses incurred 
or licenses 
or clearance 
required 
at port of entry and destination. 
Seller 
may 


deliver 
the goods 
in installments. 
Unless 
otherwise 
agreed, 
all items shall be 


packaged 
and packed in accordance 
with Seller's normal practices. 


5. 
DELIVERY 
All shipping 
dates are estimates 
only and are dependent 
upon 
prompt receipt of all necessary information from Buyer. Shipments may be made in 
installments. 
Seller shall be excused from performance 
and shall not be liable for 
any delay in delivery or for nondelivery, 
in whole or in part, caused by the occur- 
rence of any contingency 
beyond the reasonable control of Seller, including but not 


limited to. war (whether 
or not an actual declaration 
thereof is made), sabotage, 


insurrection, 
riot or other act of civil disobedience, 
act of a public enemy, failure or 


delay in transportation, 
act of any government or any agency or subdivision thereof 
affecting 
the terms 
of this contract 
or otherwise, 
judicial 
action, 
labor dispute, 
accident, 
defaults of suppliers. 
fire. explosion. 
flood, storm or other acts of God, 
shortage 
of labor, fuel, raw material 
or machinery 
or technical 
or yield failures 


where Seller has exercised 
ordinary 
care in the prevention 
thereof. 
If any such 


contingency 
occurs, 
Selter 
may at its sale discretion 
allocate 
production 
and 


delivery among Seller's customers. 


6. 
PAYMENT TERMS 
(a) Unless otherwise 
agreed, 
payment 
terms 
are 70% 
thirty (30) days; 30% forty-five 
(45) days after date of invoice. No discounts 
are 


authorized. 
Shipments, 
deliveries, 
and performance 
of work shall at all times be 


subject to the approval of the Seller's credit department 
and the Seller may at any 


time decline to make any shipments or deliveries or perform any work except upon 
receipt of payment 
or upon terms and condition 
or security satisfactory 
to such 


department. 


(b) If in the jUdgment of the Seller, the financial condition of the Buyer at any 


time does not justify continuation 
of production 
or shipment on the terms of pay- 


ment originally specified. the Seller may require full or partial payment in advance 
and. in the event of the bankruptcy 
or insolvency 
of the Buyer or in the event any 


proceeding 
is brought by or against the Buyer under the bankruptcy 
or insolvency 


laws, the Seller shall be entitled to cancel any order then outstanding 
and shall 


receive reimbursement 
for its cancellation 
charges. 


(c) 
Each shipment shall be considered 
a separate and independent transaction, 
and payment therefore shall be made accordingly. If shipments are delayed by the 
Buyer, payments 
shall become 
due on the date when the Seller is prepared to 
make shipment. 
If the work covered by the purchase order is delayed by the Buyer, 


payments 
shall be made 
based on the purchase 
price and the percentage 
of 


completion. 
Products 
held for the Buyer shall be at the risk and expense of the 


Buyer. 


7. 
INSPECTION 
Unless otherwise specified and agreed upon, the material to be 
furnished under this order shall be subject to the Seller's standard inspection at the 
place of manufacture. 
If it has been agreed upon and specified 
in this order that 


Buyer is to inspect or provide for inspection at place of manufacture 
such inspec- 


tion shall be so conducted as to not interfere unreasonably 
with Seller's operations 


and consequent 
approval or rejection shall be made before shipment of the materi- 


als. Notwithstanding 
the foregoing. 
if, upon receipt of such material by Buyer, the 


same shall appear 
not to conform 
to the contract, 
the Buyer shall immediately 


notify the Seller of such conditions 
and afford the Seller a reasonable 
opportunity 


to inspect 
the material. 
No material 
shall be returned 
without 
Seller's consent. 


Seller's 
Return 
Material 
Authorization 
form 
must 
accompany 
such 
returned 
material. 


8. 
LIMITED 
WARRANTY 
ANO LIMITED 
REMEOY The Seller warrants that the 
prodUcts to be delivered 
under this purchase 
order will be free from defects 
in 


material and workmanship 
under normal use and service. Seller's obligations 
un- 


der this Warranty 
are limited to replacing 
or repairing 
or giving credit for, at its 


option, 
at its factory, any of said products 
which shall, within one (1) year atter 
shipment. 
be returned 
to the Seller's 
factory 
of origin, 
transportation 
charges 


prepaid, and which are, atter examination. 
disclosed 
to the Seller's satisfaction 
to 


be thus defective. 
THIS WARRANTY 
IS EXPRESSED 
IN LIEU OF ALL OTHER 
WARRANTIES, 
EXPRESSED, 
STATUTORY 
OR 
IMPLIED, 
INCLUDING 
THE 
IMPLIED 
WARRANTIES 
OF MERCHANTABILITY 
AND FITNESS 
FOR A PAR- 


TICULAR 
PURPOSE, 
AND OF ALL OTHER OBLIGATIONS 
OR LIABILITIES 
ON 


THE SELLER'S 
PART, AND IT NEITHER 
ASSUMES 
NOR AUTHORIZES 
ANY 


OTHER PERSON TO ASSUME 
FOR THE SELLER ANY OTHER LIABILITIES 
IN 
CONNECTION 
WITH THE SALE OF THE SAID ARTICLES. 
This Warranty shall 
not apply to any of such products which shall have been repaired or altered, except 
by the Seller. or which shall have been subjected 
to misuse. negligence, 
or acci- 
dent. The aforementioned 
provisions do not extend the original warranty period of 


any product which has either been repaired or replaced by Seller. 


It is understood 
that if this order calls for the delivery of semiconductor 
devices 


which 
are not furnished 
and fully encapsulated, 
that no warranty, statutory. 
ex- 
pressed or implied, inclUding the implied warranty of merchantability 
and fitness for 


a particular 
purpose, 
shall apply. All such devices are sold as-is, where-is. 


9. 
PATENT 
INDEMNIFICATIDN 
Buyer 
shail 
hold 
Seller 
harmless 
from 
and 


defend Seller against any cost. expenses, 
damages or liabilities arising from Sei- 


ler's compliance 
with Buyer's designs or specifications. 
Except as set forth above, 


the Seller agrees to protect and hold harmless the Buyer from any and all claims, 
demands, 
proceedings, 
actions, 
liabilities 
and costs resulting 
from any alleged 


infringement 
of patents in the United States owned by third parties by Products 


purchased 
by Buyer from Seller. provided the Buyer gives to Seller prompt notice 


of any such claim made against the Buyer and authorizes 
the Seller to settle or 


defend any such claim, demand, proceeding 
or action and assists the Seller in so 


doing (at the Seller's expense) 
upon request by the Seller. Should, as' a result of 


any such claim, demand, proceeding 
or action, the Buyer be enjoined from selling 


or using the product, the Seller shalt either (1) procure for the Buyer the right to use 
or sell the product; 
(2) modify the product so that it becomes 
noninfringing; 
(3) 


upon return of the product provide to the Buyer a noninfringing 
product meeting the 


same functional 
specifications 
as the product; 
or (4) authorize 
the return of the 


product to the Seller and upon its receipt refund to the Buyer the cost of the product 
plus transportation 
charges. The foregoing states the entire liability of the Seller for 


infringement 
of the patents of third parties and, in particular, the Seller has no 


obligation to indemnify the buyer for infringement 
of patents resulting from combin- 


ations of the product with other products 
whether 
or not supplied 
by the Seller. 


THIS PROVISION 
IS STATED IN LIEU OF ANY OTHER EXPRESSED, 
IMPLIED, 


OR STATUTORY WARRANTY 
AGAINST 
INFRINGEMENT 
AND SHALL BE THE 
SOLE 
AND 
EXCLUSIVE 
REMEDY 
FOR 
PATENT 
INFRINGEMENT 
OF ANY 


KIND. 


10. 
DAMAGE 
LIMITATION 
INDEPENDENTLY 
OF ANY 
OTHER 
LIMITATION 
HEREOF 
AND 
REGARDLESS 
OF 
WHETHER 
THE 
PURPOSE 
OF 
SUCH 


LIMITATION 
IS SERVED, 
IT IS AGREED 
THAT IN NO EVENT SHALL SELLER 
BE LIABLE FOR SPECIAL, 
INCIDENTAL OR CONSEQUENTIAL 
DAMAGES 
OF 
ANY KIND UNDER THIS ORDER. 


11. 
SALE CONVEYS 
NO LICENSE Seller's products are offered for sale and are 


sold by Seller subject in every case to the condition that such sale does not convey 
any license, expressly 
or by implication, 
estoppel or otherwise, 
under any patent 


claim with respect to which Seller can grant licenses covering a completed 
equip- 


ment, or any assembly, circuit, combination, 
method or process in which any such 


products 
are used as components 
(notwithstanding 
the fact that such products 


may have been designed 
for use in or may only be useful 
in, such patented 


equipment, 
assembly, circuit, combination, 
method or process and that such prod- 
ucts may have been purchased 
and sold for such use). Seller expressly 
reserves 
all its rights under such patent claims. 


12. 
RETURN$ 
AND ADJUSTMENTS 
Products may only be returned with prior 


written approva( of Seller. Adjustments 
for defective 
products are SUbject to Sei- 


ler's concurrenqe 
that 
the alleged 
defects 
exist, 
to Seller's 
satisfaction, 
after 


suitable inspect~n 
and test by Seller. Adjustments 
may include credit or replace- 
ment at the option of the Seller: 


13. 
TERMINATION 
AND 
CANCELLATION 
(a) Buyer may terminate 
this con- 
tract in whole or, from time to time, in part upon written notice to Seller. In such 
event 
Buyer shall be liable for termination 
charges 
which shall include 
a price 
adjustment 
based on the quantity of goods actually delivered, and all costs, direct 
and indirect. incurred and committed 
for this contract together with a reasonable 


allowance 
for prorated expenses 
and anticipated 
profits. 


(b) Unless 
otherwise 
specified 
on the face 
hereof, 
all quantities 
must 
be 


released no mo~e than twelve (12) months and shipments scheduled no more than 
eighteen 
(18) "jonths 
from the date of Seller's receipt of Buyer's order, otherwise 


this contract 
may be cancelled 
by Seller and Buyer shall be liable for termination 


charges 
as prOjided 
herein. 


14. 
NONWAIVER 
OF DEFAULT In the event of any default by Buyer, Seller may 


decline to make further shipments. 
If Seller elects to continue to make shipments, 


Seller's action shall not constitute 
remedies for any such default. 


15. 
APPLICABLE 
LAW The validity, performance 
and construction 
of this con- 


tract shall be governed 
by the laws of the State of California. 


16. 
U.S. GOVI'RNMENT 
CONTRACTS 
If Buyer's original purchase order indi- 


cates by contrapt number, that it is placecl under a government 
contract, only the 


following 
provis!?ns of the current Federal Acquisition 
Regulations 
are applicable 


in accordance 
Yfith the terms thereof, with an appropriate substitution of parties, as 


the case 
may be-Le., 
"Contracting 
Officer" 
shall mean 
"Buyer," 
"Contractor" 
shall mean "Seller," and the "Contract" 
shall mean this order. 


52.202-1. 
Definitions: 
52.232-11. 
Extras; 52.212-9, 
Variation in Quantity; 52.232- 
23. Assignment 
of Claims; 52.228-2. Additional Bond Security; 52.225-11. Certain 


Communist 
Areas; 
52.222-4, 
Contract 
Work Hours and Safety 
Standards 
Act 


-Overtime 
Compensation; 
52.222-20, 
Walsh-Healy 
Public Contracts Act; 52.22- 


25. Equal Opportunity; 
Officials Not to Benefit; 52.203-5, Covenant Against Contin- 


gent 
Fees; 
52.249-1, 
Termination 
for Convenience 
of the Government 
(Fixed 


Price) (Short Form) (only to the extent that Buyer's contract is terminated 
for the 
convenience 
of the government): 
52.2-1, 
Contractor 
Inspection 
ReqUirements; 


52.227-1, Authorization 
and Consent; 52.227-2, Notice and Assistance 
Regarding 


Patent and Copyright 
Information; 52.247-1, Commercial 
Bills of Lading Notations; 


52.223-35, 
Affirmative 
Action 
for Special 
Disabled 
and Vietnam 
Era Veterans; 


52.222-1, 
Notice to the Government 
of Labor Disputes; 52.215~1, Examination 
of 


Records 
by Comptroiler 
General; 
52.220-3, 
Utilization 
of Labor 
Surplus 
Area 


Concerns. 


17. 
ASSIGNMENT 
This contract shall be binding upon and inure to the benefit of 


the parties and the successors 
and assigns of the entire business and good will of 
either Seller or Buyer, or of that part of the business 
of either used in the perfor- 


mance of this contract, but shall not be otherwise 
assignable. 


18. 
MODIFICATION 
This contract constitutes 
the entire agreement 
between the 


parties relating to the sale of goods described 
on the face hereof, and no addition 


to or modification 
of any provision upon the face or reverse of this contract shall be 


binding upon Seller unless made in writing and signed by a duly authorized 
repre- 


sentative of Seller located in Santa Clara, California. 
Buyer hereby acknowledges 


that he has not entered 
into this agreement 
in reliance 
upon any warranty 
or 


representation 
by any person or entity except for the warranties or representations 


specifically 
set forth herein. 


19. 
GENERAL 
The Seller represents 
that wfth respect to the production 
of the 


articles and/or the performance 
of the servtces covered 
by this order, it will fully 
comply with all requirements 
of the Fair Labor Standards Act of 1938, as amended. 


20. 
PROPERTY 
RIGHTS 
AND 
TOOLING 
The 
design, 
development 
or 


manufacture 
by Seller of a prodUct for a specific customer shall not be deemed to 


produce 
a work made for hire and shall not give to the customer 
any copyright 


interest in the product or any interest in all or any portion of the mask works relating 
to the product. All such rights shall remain the property of Seller: Notwithstanding 
the foregoing, 
Seller will provide a custom product (e.g., personaliZed gate array, 


cell library or full custom) utilizing a logic design supplied by a customer exclusively 
to that customer 
absent written agreement 
to the contrary with the customer. 


21. 
VARIATION 
IN QUANTITY 
If this order calls for a product not listed In SeI- 


ler's current catalog, or for a product which is specially programmed 
for Buyer, it is 


agreed that Seller may ship a quantity which is five percent (5%) more or less than 
the ordered quantity and that such quantity shipped will be accepted and paid for in 
full satisfaction 
of each party's obligation 
hereunder 
for the quantity ordered. 
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Quality System 


The quality 
system at Monolithic 
Memories 
is based on 


MIL-Q-9858, "Quality Program Requirements;' MIL-I-45208, 
"Inspection 
System 
Requirements:' 
and MIL-M-38510, 


Appendix 
A, "Product 
Assurance 
Program:' Mil-M-38510 


plays a significant 
role in structuring 
Monolithic 
Memories' 
Quality Program as specified herein. 


Monolithic 
Memories 
has facilities 
certified 
by DESC, 
Defense Electronics Supply Center, to qualify and manufac- 
ture Class B Schottky 
Bipolar PROMS and Programmable 


Array Logic devices, in accordance with the requirements of 
MIL-M-38510. 
This certification 
included a successful audit 
of our quality system to the stringent requirements of Appen- 
dix A of MIL-M-38510 
which defines a Product Assurance 


Program tailored 
for integrated 
circuit 
manufacturers 
by 
DESC. This same quality 
system has also met the strict 
requirements 
of both "controlled" 
and "captive" 
line pro- 


grams connected with our special Hi-Rei programs. 


The quality accent at Monolithic 
Memories 
is on process 


control as reflected in the use of many monitors and audits 
rather than gate inspection. 
This philosophy 
is consistent 
with building in quality and reliability rather than attempting 
to screen for it. 


Monolithic Memories manufacturing process uses advanced 
techniques 
to reduce random defects and produce consis- 
tent optimum quality. Typical techniques employed are: 
• Redundant Masking 
• Pellicalized Masks 
• Direct Step on Wafer Processing 


These processes although more costly, result in significant 
quality and reliability 
improvements. 
During the initial pro- 


duction stages of new designs and periodically 
thereafter, 


engineering 
characterizes the design process compatibility 


by careful sample selection of lots reflecting process variable 
extremes. 


Product Reliability Programs 


Monolithic 
Memories has an ongoing reliability program for 


military and commercial 
products, each utilizing the appro- 


priate test methods of MIL-STD-883. 
This program provides 
for a consistent database in the following areas: 
• Product/Process 
Reliability Data 


• Qualification of Raw Materials 


• Customer Quality Conformance 
• Reliability verification 
of state of the art design and pro- 


duction techniques. 


Quality Monitors 


MMi 
constantly 
monitors 
product 
quality 
and reliability 


through the following ongoing programs: 
• Reliability 
assessments 
of all products, 
processes 
and 


packages. 


• Inprocess and Final product quality measurements. 
• Process and product quality feedback at all key manufac- 


turing points. 


• Positive corrective action and verification. 


Screening 


Much of the assembly and processing is performed offshore 
at facilities owned by or qualified 
by MMI. These facilities 


are routinely monitored by Monolithic 
Memories personnel 


to our quality system requirements. 


Standard Commercial product receives the following screens 
and monitors to insure the highest possible quality. 


• Precap Inspection 
MIL-Standard 883 Level B 


• Temperature Cycle 
Ongoing daily monitor to 


• Constant Acceleration 
confirm the AQL levels are met 
• Fine and Gross Leak 
or exceeded. 


• Final Electrical Test 
• Visual and Mechanical 


Inspection 


The standard product AQL levels which Monolithic Memories 
guarantees are listed in the table on this page. 


TEST 
AQL 
TEMPERANCE 


Hermeticity (includes fine and gross) 
.1 


Electrical 
DC at 25°C 
.065 


Functional at 25°C 
.065 


AC at 25°C 
.25 


DC at Temperature Extremes 
.25 


Functional at Temperature Extremes 
.25 


AC at Temperature Extremes 
.25 
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Introduction 


In August, ~982 Monolithic 
Memories Inc. formed a Military 
Products DiYision. Although Monolithic Memories has partici- 
pated in th~ defense market for some time, we feel that by 
focusing onlthis very demanding customer base with a totally 
dedicated r~source. we can provide aerospace and military 
systems manufacturers with a new industry standard of service 
and responsiveness. 


Monolithic 
Memories offers devices to a full complement of 


military screening levels: 


Monolithic Memories Inc. Level S 
JAN 38510 Class B 
DESC Drawing Program 
Mil-Std-883 Class B 
Monolithic Memories Inc Mil-Temp Product 


In addition. we welcome the opportunity to review and quote to 
customer source control drawings. Our spec Review group is 
measured to a 2 week turn-around time on drawing reviews. so 
our customers will receive a timely response on our ability to 
meet custom requirements. 


Monolithic 
Memories is Certified by the Defense Electronics 
Supply Center to assemble and test JAN 38510Class B devices 
at its Sunnyvale. California. 


Offshore Assembly facilities for Mil-Std-883 Class B devices are 
located in Penang. Malaysia. 


Standard Processing Flow. 


Monolithic 
Memories Processing and Screening flows are 


organized to provide a broad selection of processing options. 
structured around the most commonly 
requested customer 
flows. 


Standard processing flows which the Military Products Division 
currently operates to include: 


Monolithic Memories Inc. Modified Level S 
JAN 38510 Class B 
DESC Drawing Program 
Mil-Std-883 Class B 
Monolithic Memories Inc. Mil-Temp Product 


In addition, these flows are expanded to provide for factory 
programming on PAL circuits and PROMS. when required by 
our customers. 


Major benefits can be realized by ordering product to standard 
flows whenever possible: 


• Minimize need for source control drawings. 


• Cost savings on unit cost - 
no price adders for custom 
processing. 


• Improved lead time - 
no spec review or negotiation time. 


plus the ability to pull product from various work-in-process 
stages or purchase product from finished goods inventory. 


It is the policy of Monolithic Memories to always operate to the 
most current revision of Mil-Std-883. 


Quality Programs 


The Military Product Division quality system conforms to the 
following Mil-Standards: 


Mil-M-38510, Appendix A, "Product Assurance Program" 
MiI-Q-9858, "Quality Program Requirements" 
MiI-I-45208, "Inspection System Requirements" 


Monolithic Memories facilities in Sunnyvale are certified by the 
Defense Electronics Supply Center (DESC), to manufacture 
and qualify Schottky Bipolar PROMs and PAL circuits in accor- 
dance with Mil-M-38510 Class B. This certification 
was a 
result of a successful audit of our production 
and quality 
systemsto the stringent requirements of MiI-M-38510.Monolithic 
Memories has also demonstrated compliance with the strict 
requirements of both controlled and captive lines connected 
with special Military programs. 


Quality Assurance 


Following 100%screening, the Military Products Division sam- 
ples all products processed in conformance with MIL-STD-883 
Class B to the following LTPD levels: 


Test 
LTPD 


DC 25°C 
2 
DC +125°C 
3 


DC -55°C 
5 


Functional at 25°C 
2 


Functional at Temperature Extremes 
5 


AC 25°C 
2 


AC +125°C 
3 


AC -55°C 
5 


The Military Products Division ensures outgoing product qual- 
ity and integrity by performing inspection Lot Group Pis and B's 
per Mil-Std-883 Method 5005,conducting self audits in all areas 
involved in screening tests per Method 5004 of Mil-Std-883, 
gating all shipments to our customers, and maintaining a cali- 
bration control system in accordance with Mil-Std-45662. 


For products requiring programming prior to AC tests, testing 
is performed utilizing MIL-M-38510 Slash Sheet sample plans. 


Product Qualification/" 
Quality Conformance Inspection (Qel) 


The Military Products Division has a quality conformance test- 
ing program in accordance with Mil-Std-883, Method 5005. 


Quality Conformance 
Testing provides necessary feedback 


and monitors several areas: 


• Reliability of Product/Processes 
• Vendor Qualification for Raw Materials 
• Customer Quality Requirements 
• Maintain Product Qualification 
• Engineering Monitor on Products/Processes 


Standard procedures for new product 
release specify that 


Monolithic 
Memories' Reliability Department, as a minimum, 


conduct full qualification testing per Method 5005 of Mil-Std- 
883. Once qualified, each package type (from each assembly 
line) and device (by technology group as delineated in Mil-M- 
38510)are incorporated into Monolithic Memories Quality Con- 
formance Inspection program which utilizes the requirements 
of MiI-M-3851O. 


When Military Programs do not require that QCI data be run on 
the specific lot shipped, Monolithic Memories Quality Confor- 
mance program allows customers to obtain generic data on all 
product families manufactured by the Military Products Div- 
ision. Generic Qualification Data enables customers to elimi- 
nate costly qualification and desctruct unit charges, and also 
improves delivery time by a factor of eight to ten weeks. The 
following generic data is available: 


Group 
B-Package 
related tests 
• QCI is performed every 6 weeks of manufacture on each 
package type. 


• Any device type in the same package type may be used 
regardless of the specific part number. 


• Purpose: To monitor assembly integrity. 


Group 
C-ProductiProcess 
related tests 


• QCI is performed every 13 weeks of manufacture, on repre- 


sentative devices from the same microcircuit group. 


• Life test data may be used to qualify similar technologies. 
• Purpose: To monitor the reliability of the process and para- 


metric performance for each product technology. 


Prices 


All prices are in U.S.dollars and are subjectto change without 
notice. 


Minimu4 
Order Requirements 


For all orderi 
placed in the factory there is a minimum order 


requiremen 
of $1000 ($250 per line item) except for the 


following: 


HALe Circuits-The 
$3-4K N.R.E. and mask charge can be 


amortized over the initial production commitment. The mini- 
mum initial production commitment is 5K units within one year; 
the minimum quantity per line item release is 2K. 


ProPAL Circuits-When 
purchased, the initial phase of HAL 


Circuit, there is no additional N.R.E. and there is a nominal 
adder for programming 
and testing. The minimum quantity 


per release is 500 units. When purchased without a follow-on 
the $1-2K NIR.E. can be amortized over a minimum initial 
production commitment of $2500 units. 


There will be a minimum of $250 and $50 per line item for 
drop-ship orders. 


Tenns 


70%/30 
days, 30%/45 
days from 
date of invoice, 
FOB 


Sunnyvale, 
California. 


The letter code "C" is used to denote commercial 
device 


limits as follows: 


Commercial- 
TA 
= OOCto + 75°C 
VCC =5V±5% 


Unless otherwise specified the standard packages are "J" or 
"N" packages. In some instances the "D" package is the only 
package available. 
Other non-standard 
packages may be 


available. 
Contact 
a sales representative 
of Monolithic 
Memories. Non-standard devices are considered nonreturn- 
able by distribution to Monolithic Memories. 


Package Codes 


All devices ordered must include a package code as a suffix 
to the part number. The package code definitions are shown 
below. 


PACKAGE 
CODE 
J 
JS 
N 
NS 
NL 


DESCRIPTION 


Ceramic dual-in-line* 
Ceramic dual-in-Iine* 
Plastic dual-in-line* 
Plastic dual-in-line* 
Molded Leadless Chip Carrier 


300 mil 
600 mil 


20 pin 
N,J 
- 


24pin 
NS,JS 
N,J 


In-House PROM Programming 
Guidelines 


1) Minimum Order Size: 


1/4K-8K 
5K pes/yr/pattern 
500 pes/shipment 
16K-32K 
2.5K pes/yr/pattern 
250 pes/shipment 
2) Lead Time: 
Initial code acceptance-six 
weeks. 


Standard lead time plus weeks after code 
acceptance. 


3) Cancellations: 60 Days 
4) Schedule Change: 30 Days 
5) Price Adder: 
Price includes ink marking with customer pattern number. 


6) Inputs: Truth Tape 
Paper Tape 
Disk 
Master 
A combination of two inputs are required. 
If only one input is supplied, a sample lot must be 
signed off by the customer. 


DENSITY 
MIN-10K 
10K-25K 
25K+ 


1/4-2K 
50¢ 
40¢ 
30¢ 


4K-8K 
60¢ 
50¢ 
40¢ 


16K-32K 
REG/DIAG 
85¢ 
70¢ 
55¢ 


SYSTEM 
PALASM2 
PALASM2 


OBJECT 
SOURCE 


$200 
$500 


DEC VACVMS MT 
PAL2-VMSE-MT 
PAL2-VMSS-MT 


IBM PC (DOS) 5D 
PAL2-IPCE-5D 
PAL2-IPCS-5D 


ASCII MT 
PAL2-ASCS-NJ 


JANProgram 


Monolithic 
Memories is certified by the Defense Electronics 
Supply Center to fabricate wafers in our 4-inch fab lines and 
to assemble and test MIL-M-38510 Class B PROMs and PAL 
circuits in our Sunnyvale facilities. Monolithic Memories has. 
in addition, been awarded full laboratory suitability to conduct 
all qualification 
and conformance testing in accordance with 


MIL-STD-883. Method 5005. 


Selected 
devices will be further qualified 
in leadless chip 


carriers. 


Long term QPL I plans include FIFO's Double-Density 
PLUS 
Interface. 
New PAL Families as they are introduced. 
and 
Registered/Standard 
PROMs. 


Our goal in the Military Products Division is to support the 
JAN38510 
Program 
with 
a continual 
flow 
of new high- 
performance, Advanced Technology Products. 


Monolithic Memories Products for which slash sheet specifi- 
cations currently exist are listed in the "M38510 Slash Sheet 
Cross Reference to Generic Part Number." 


Listings are based on QPL-38510-65, 
dated October 
1985 
M38510 
(Part I Qualified 
Devices) 
Slash Sheet Cross Reference to Generic Part Number 


M38510 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 


206 
53S441 


209 
53S841 


503 
10H8 
12H6 
14H4 
10L8 
12L6 
14L4 


504 
16L8A 
16R8A 
16R6A 
16R4A 


Near future QPL I plans include: 


PAL16L8A-2 
PAL16R8A-2 
PAL16R6A-2 
PAL16R4A-2 
PAL20L8A 
PAL20R8A 
PAL20R6A 
PAL20R4A 


DESC Drawing 
Program 


Monolithic Memories is an active participant in the DESe 
ings.ltisstandard 
practice at Monolithic Memoriestoconvert 


Drawing Program. For contracts invoking MIL-STD-454 we 
our 8838 processing to DESe Drawingsfor all products which 
offer our full PAL product line to DESe Drawings 81035 and 
we are approved to supply. Monolithic Memories Inc. then 
81036. Monolithic Memories is also approved to supply the 
dual marks devices with both the DESe Drawing Number 
32K PROM to DESe Drawing 82008. The idea behind the 
and the Generic Part Number. DESe approved products can 


DESe Drawing Program is to standardize MIL-STD-8838 
then be procured to either part number as standard product 
microcircuits where fully qualified JAN product is not avail- 
through both OEM and distributor channels. 


able. The advantage to the user is that DESe Drawings are a 
The following cross reference will allow you to determine the 
cost effective alternative to source control drawings and are 
appropriate 
DESe Drawing part numbers for each PAL 
offered as o~-the-shelf stocking items by Ie manufacturers 
product and the 32K PROM. Future DESe print activity will 


participating in the program. 
include new PALproducts and registered PROMs. Monolithic 
Since semiconductor demand is on the rise, and lead times 
.Memories will work with DESe to continually generate new 
will be a maior concern, DESe Drawings should always be 
drawings, which will provide a steady flow of advanced tech- 
considered ~oimprove availability over source control draw- 
nology products to standardized specifications. 


DESC Drawing/Generic 
Part Type Cross Reference 


DESC DRfWING 
PART NO.: 
01 
R 
X* 


81035 


DRAWING 
DEVICE TYPE 
CASE OUTLINE 
LEAD FINISH 


DESC DRAWING 


8103501RA* 
81035012C 
8103501YC 
8103502RA 
81035022C 
8103502YC 
8103503RA 
81035032C 
8103503YC 
8103504RA 
81035042C 
8103504YC 
8103505RA 
81035052C 
8103505YC 
8103506RA 
81035062C 
8103506YC 
8103507RA 
8103~072C 
8103q07YC 
8103508RA 
81035082C 
8103508YC 
8103509RA 
~~g~~~~g 


GENERIC 
PART NUMBER 


PAL1OH8MJ883B 
PAL1OH8ML883B 
PAL10H8MF883B 
PAL12H6MJ883B 
PAL12H6ML883B 
PAL12H6MF883B 
PAL14H4MJ883B 
PAL14H4ML883B 
PAL14H4MF883B 
PAL16H2MJ883B 
PAL16H2ML883B 
PAL16H2MF883B 
PAL16C1 MJ883B 
PAL16C1ML883B 
PAL16C1 MF883B 
PAL10L8MJ883B 
PAL10L8ML883B 
PAL10L8MF883B 
PAL12L6MJ883B 
PAL12L6ML883B 
PAL12L6MF883B 
PAL14L4MJ883B 
PAL14L4ML883B 
PAL14L4MF883B 
PAL16L2MJ883B 
PAL16L2ML883B 
PAL16L2MF883B 


REPLACEMENT 
JAN SPECIFICATION 


PART NUMBER 


M3851 0/50301 BRX 
M3851 0/50301 B2X 
M3851 0/50301 BYX 
M38510/50302BRX 
M38510/50302B2X 
M38510/50302BYX 
M38510/50303BRX 
M38510/50303B2X 
M38510/50303BYX 
M38510/50304BRX 
M38510/50304B2X 
M38510/50304BYX 
M38510/50305BRX 
M38510/50305B2C 
M38510/50305BYX 
M38510/50306BRX 
M38510/50306B2X 
M38510/50306BYX 
M3851 0/50307 BRX 
M38510/50307B2X 
M38510/50307BYX 
M38510/50308BRX 
M38510/50308B2X 
M38510/50308BYX 
M38510/50309BRX 
M38510/50309B2X 
M38510/50309BYX 


DESC DRAWING 


8103607RA 
81036072C 
8103607SA 
8103608RA 
81036082C 
8103608SA 
8103609RA 
81036092C 
8103609SA 
8103610RA 
81036102C 
8103610SA 
8103611RA 
81036112C 
8103611SC 
8103612RA 
81036122C 
8103612SC 
8103613RA 
81036132C 
8103613SC 
8103614RA 
81036142C 
8103614SC 
8412901 LA 
84129013C 
8412901KA 
8412902LA 
84129023C 
8412902KA 
8412903LA 
84129033C 
8412903KA 
8412904LA 
84129043C 
8412904KA 
8412905LA 
84129053C 
8412906LA 
84129063C 
8412907LA 
84129073C 


GENERIC 
PART NUMBER 


PAl16l8AMJ8838' 
PA116l8AMl8838 
PAl16l8AMW8838 
PAl16R8AMJ8838' 
PAl16R8AMl8838 
PAl16R8AMW8838 
PAl16R6AMJ8838' 
PAl16R6AMl8838 
PAl16R6AMW8838 
PA116R4AMJ8838' 
PAl16R4AMl8838 
PAl16R4AMW8838 


**PAl16l8A-2MJ8838 
**PAl16l8A-2Ml8838 
PAl16l8A-2MF8838 


**PAl16R8A-2MJ8838 
**PAl16R8A-2Ml8838 
PAl16R8A-2MF8838 


"PAl16R6A-2MJ8838 
**PAl16R6A-2Ml8838 
PAl16R6A-2MF8838 


**PAl16R4A-2MJ8838 
"PAl16R4A-2Ml8838 
PAl16R4A-2MF8838 
PAl20l8AMJS8838 
PAl20laAMl8838 
PAl20l8AMW8838 
PAl20R8AMJS8838 
PAl20R8AMl8838 
PAl20R8AMW8838 
PAl20R6AMJS8838 
PAl20R6AMl8838 
PAl20R6AMW8838 
PAl20R4AMJS8838 
PAl20R4AMl8838 
PAl20R4AMW8838 
PAl20l10AMJS8838 
PAl20l10AMl8838 
PAl20X8AMJS8838 
PAl20X8AMl8838 
PAl20X10AMJS8838 
PAl20X10AMl8838 


REPLACEMENT 
JAN SPECIFICATION 
PART NUMBER 


M3651 0/50401 8RX 
M3651 0/50401 82X 
M3851 0/50401 8YX 
M38510/504028RX 
M38510/5040282X 
M38510/504028YX 
M38510/504038RX 
M38510/5040382X 
M38510/504038YX 
M38510/504048RX 
M38510/5040482X 
M38510/504048YX 
M38510/504078RX 
M38510/5040782X 


MonoIllhlc me MemorIes 


REPLACEMENT 
JAN SPECIFICATION 
DESC DRAWING 
GENERIC 
PART NUMBER 
PART NUMBER 


8412908LA 
PAL20X4AMJ883B 
- 
- 
- 
84129083C 
PAL20X4AML883B 
- 
- 
- 


8506501RA 
"PAL 16L8A-4MJ883B 
- 
- 
- 


85065012C 
"PAL 16L8A-4ML883B 
- 
- 
- 


8506501SC 
"PAL 16L8A-4MF883B 
- 
- 
- 


8506502RA 
"PAL 16R8A-4MJ883B 
- 
- 
- 


~;~~g;~g 
"PAL 16R8A-4ML883B 
- 
- 
- 


"PAL 16R8A-4MF883B 
- 
- 
- 
8506503RA 
"PAL 16R6A-4MJ883B 
- 
- 
- 


85085032C 
"PAL 16R6A-4ML883B 
- 
- 
- 
8508503SC 
"PAL 16R6A-4MF883B 
- 
- 
- 


8508504RA 
"PAL 16R4A-4MJ883B 
- 
- 
- 
85085042C 
"PAL 16R4A-4ML883B 
- 
- 
- 
8508504SC 
"PAL 16R4A-4MF883B 
- 
- 
- 


8515501RA' 
PAL16L8BPJ883B 
- 
- 
- 


85155012C' 
PAL16L8BPL883B 
- 
- 
- 
8515502RA' 
PAL16R8BPJ883B 
- 
- 
- 


85155022C' 
PAL16R8BPL883B 
- 
- 
- 


8515503RA' 
PAL16R6BPJ883B 
- 
- 
- 


85155032C' 
PAL16R6BPL883B 
- 
- 
- 


8515504RA' 
PAL16R4BPJ883B 
- 
- 
- 
851~5042C' 
PAL16R4BPL883B 
- 
- 
- 


8515505RA' 
PAL16L8BM-2J883B 
- 
- 
- 
85155052C' 
PAL16L8BM-2L883B 
- 
- 
- 


8515506RA' 
PAL16R8BM-2J883B 
- 
- 
- 


85155062C' 
PAL16R8BM-2L883B 
:; 
- 
- 
- 
8515507RA' 
PAL16R6BM-2J883B 
- 
- 
- 
85155072C' 
PAL16R6BM-2L883B 
- 
- 
- 


8515508RA' 
PAL16R4BM-2J883B 
- 
- 
- 


851q5082C' 
PAL16R4BM-2L883B 
- 
- 
- 


PROM: 8200aB 1JA 
53S3281 MJ883B 
M38510/21102BJX 
8200aB13C 
53S3281ML883B 
M38510/21102B3X 
82008B2JA 
53S3281AJ883B 
- 
- 
- 
82008B23C 
53S3281 AL883B 
- 
- 
- 


Group 
D-In-depth 
package 
related 
tests 


• QCI is conducted 
every 26 weeks using devices which 


represent the same package construction and lead finish. 
• Any device type in the same package type may be used 


regardless of the specific part number. 


• 
Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 


Generic Data: 


Monolithic 
Memories 
Generic 
Data Program is based on 


MIL-M-38510, which allows for shipments based on 26 weeks 
of coverage for Group C Testing and 36 weeks of coverage 
for Group DTesting. 


Should 
circumstances 
arise where 
generic 
coverage 
to 


MIL-M-38510 
is not possible, Monolithic 
Memories reserves 


the right to ship product based on 52 weeks of generic Group 
C and/or D coverage per MIL-M-883 
Revision C. 


Manufacturing 
and Screening Locations 


JAN Products, Monolithic 
Memories Modified Level "S;' and 


customer orders which call for U.S.A. assembly. are manu- 
factured in our DESC certified assembly line in Sunnyvale, 
California. 


Mil-Std-883 
Class B products, and orders to source control 


drawings. where stateside build is not required, are assem- 
bled at our Penang. Malaysia facility. This facility is qualified 
by Monolithic 
Memories Quality Department. as well as by 
many of our customers. to manufacture Mil-Std-883 
Class B 


product. Conformance to Mil-Std-883 
requirements 
is rou- 
tinely monitored through audits at the Penang facility. as well 
as incoming inspections in Sunnyvale. Manufacturing capa- 
bilities for each Monolithic 
Memories facility are highlighted 


on the chart below. 


Assembly 
Precap Inspection 
Environmental 
Testing 
Electrical Pre-Test 
Burn-In 
Post Burn-In 
Electricals 
Group A Testing 
Mark 
Factory Programming 
(when applicable) 
Qualification 
and Quality 
Conformance 
Testing 


To identify the assembly location of each military device, the 
Country of origin is marked on all products prior to shipment. 
Products assembled in our stateside facility in Sunnyvale. 
California. will have "USA" marked on the topside 
of the 


device. The exception to this is JAN 38510 product. which is 
marked to the MiI-M-38510 requirements only. 


Offshore 
built product. which 
is manufactured 
in Penang. 
Malaysia, will have "Malaysia" 
or "Malay" 
marked on the 


bottom side of the device. 


Marking Example: 


53S3281J/883B 


USA 
~8335 
"" 
ESD Designator 


Process Audits 


Process Audits are performed 
in accordance 
with Mil-M- 


38510, Appendix 
A. paragraph 20.1.3.9. self audits by the 


Quality Assurance Department. 


ACTesting 


Although 
Monolithic 
Memories offers a large selection 
of 


programmable products, it must be pointed out that AC Test- 
ing cannot be performed on many of our product types with- 
out their being programmed. For those devices which must 
be programmed 
prior to AC Tests and are ordered 
unpro- 


grammed. Monolithic 
Memories must "guarantee" their AC 


Performance. 


Newer devices in the PROM/PLE and PAL families do allow 
preprogram AC testability at 25°C. 


Since the guaranteeing 
of parameters can be a serious con- 


cern forthe Military user.we have outlined several approaches 
to address the AC screening issue. 


1. Monolithic 
Memories can pull a Sample 
from a lot using 


our own Standard 
patterns (designed to blow in excess of 
50 percent of the fuses) and perform AC testing. 


a) PAL/PROM 
products 
processed 
to DESC 
prints 


include 
programmability 
samples 
and AC testing 


at 25°C. 


b) PROM/PLE 
AC testing can be performed 
at 25°C, 


-55°C, 125°C temperatures. 


2. Monolithic 
Memories 
can program 
PROM/PLE's 
using 
custom patterns submitted by the customer. AC can then 
be done with the following options: 
a) Sample AC at 25°C 
b) Sample AC at 25°C. -55°C, 125°C 
c) 1OO%ACat250C 
d) 100%AC at 25°C, -55°C and 125°C 


Note: For PALscontact the factory 


On PAL products where custom programming 
is performed 


and AC testing is required. additional vector generation and 
fault coverage analysis is required, as well as AC program 
generation and checkout. 


To give you an idea of delivery 
differences 
for the options 


discussed above, general lead times are as follows: 


• 
Unprogrammed: 
Cerdip, 4-6 weeks 
Cerpack/Flat pack. 8-12 weeks 
Leadless chip carrier. 6-12 weeks 
(consult monthly leadtime guide for individual part types). 


• 
Unprogrammed 
product 
using our standard 
pattern to 


verify AC at room temperature on sample basis (option 1). 
Add 2 weeks to standard delivery. 


• 
Programmed 
product 
using customer 
programs 
with 
sample AC (option 2a and b). Contact factory for delivery. 
Delivery quoted will be after receipt of customer design 
package. 


• 
100% AC testing at 25°C-Standard 
Monolithic 
Memories 


pattern or customer pattern. (option c). Contact factory. 


Remember. 
for ProPALs, customer 
must provide 
design 


package including Boolean Equations. "Seed" function test 
sequence, 
package stipulation 
and AC test vectors. when 


required. Delivery quotes for this type of product begin after 
receipt of this data from the customer. 


VlL/VlH 
Parametric Information 


V1L and V1H parameters are, in effect, input conditions of D.C. 
and Functional output tests and are not directly tested. V1L is 
specified at :50.8 V.and V1H is specified at 2: 2.0 V. 


.Elect~tatic 
Discharge 


The MilitalY Products Division of Monolithic 
Memories has 


fully imPI~mented static control 
procedures throughout 
its 


facilities i 
Penang, Malayasia and Sunnyvale, California. 


All manuf cturing areas where product is processed or han- 
dled, including our Reliability Labs, Engineering 
Labs, etc., 
have full s~aticcontrol such as wrist straps, antistatic smocks, 
grounded Istainless steel tables, conductive 
mats and ion 


generators wherever necessary. 


All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 


In addition, 
MPD distributors 
must demonstrate 
that they 


meet the same stringent standards governing ESD handling 
and control procedures as the factory. Individual distributor 
locations 
are audited 
and approved 
annually 
by MPD's 


Quality Assurance Department. 


An ESD identifier 
is marked on all products in front of the 


date code, and all shipping containers are labeled with an 
ESD Caution Message. These procedures have been imple- 
mented, and will continually be reviewed, to ensure that our 
customers receive only the highest quality product from the 
Military Products Division. 


Package Information 
Leadless Chip Carrier/Pin Grid Array 


Monolithic 
Memories' Military Products Division offers, with 


few exceptions, 
our entire product line in square, ceramic 


leadless chip carriers . 


8-BIT INTERFACE 
• 20 square LCC 


PROM CIRCUITS (Programmable Read Only Memories) 
• 20 square LCC 
• 28 square LCC 


PLE CIRCUITS (Programmable Logic Elements) 
• 20 square LCC 
• 28 square LCC 


PAL/HAL* CIRCUITS (Programmable Array Logic) 
• 20 square LCC 
• 28 square LCC 
• 44 square LCC 


HMSI CIRCUITS (High-Complexity 
Medium Scale Integration) 
• 28 square LCC 


FIFO CIRCUITS (First-In-First-Out 
Memories) 


• 20 square LCC 


DOUBLE-DENSITY 
INTERFACE CIRCUITS 


• 20 square LCC 
• 28 square LCC 


MULTIPLIER CIRCUITS 
• 44 square LCC 


MonolithicW Memories 


Military 
Ordering Information 
PAL/PROM/PLE 
Programming 
Inputs: 


A. Two masters (programmed device) and checksum 
B. Master and truthtable (or product terms for PAL) 
C. Master and magnetic tape (VAX compatible) 
D. Master and floppy disk (VAX compatible) 
E. PALASM/PLEASM 
IBM compatible floppies. VAX com- 


patible magnetic tape or floppies 
F. Master only (least preferred) 


NOTES: 


If options A, B, C. 0 or E are submitted, 
Monolithic 
Memories 
may require 
customer approval of prototypes before proceeding 
with programming. 


Military 
Ordering 
Information 


Minimum 
Order Guidelines: 


Standard (unprogrammed/non-programmable) 
product 


Mil-Std-883. 
Class B 
DESC Print Devices 
JAN Devices 
Requires a $1000.00 ($250 per line item) per order 


Source Control Drawings (unprogrammed/ 
non-programmable) 
product 
Requires a $1000.00 ($250 per line item) per order 


ProPAL32R16 
$5K per pattern 
500 units min per pattern 
200 units min per request date per pattern 


HAL20RA10 & 24RS Family 
$5K per pattern' 
2500 units min per pattern 
1000 units min per request date per pattern 


HAL20/24 
$3K per combinatorial pattern 
$4K per sequential pattern 
2500 units min per pattern 
1000 units min per request date per pattern 


Military 
Ordering 
Information 


Cancellation 
Policy: 


HAL (Mask 
Programmable 
Devices) 


o 60 days firm. 


o 90 days uncancellable. 


o 
61-90 days can be rescheduled once up to 60 days out. 


o Any line item shortage of less than 5%can be rescheduled 


for next delivery date (or cancelled). 


ProPAL/ProPROM/ProPLE 
(Programmed 
Devices) 


o 30 days firm. 


o 60 days uncancellable. 


o 31-60 days can be rescheduled once up to 60 days out. 


o Any line item shortage of less than 5% can be rescheduled 


for next delivery date (or cancelled). 


'ntrms: 


70%/30 
Days, 30%/45 Days from date of invoice. 
F.O.s. 


Sunnyvale, California. 


PAL® 


Programmable Array Logic Circuits 


PAL16L88 -4 M J 8838 


n~ 
~ 
Programmable 
Array 
Logic 


Hard 
Array 
Logic 


R OF ARRAY INPUTS 


T CELL 


rithmetlc 
omplementary 
ctlveHlgh 


ctiveLow 
eglstered 
eglstered 
Asynchronous 
eglstered Shared 
hared 
xcluslve-OR 


R OF OUTPUTS 


= Standard 
= High Speed 
.. 
= Very High Speed 


= Standard 
= 1/2 Power 
= 1/4 
Power 
. 


RATURECODE 
llltary 


GETYPE 
ramie 
Solder 
seal 
lat Pack 
eramlc DIP 


ramie SKINNYDIP 
ramie Leadless 


hip carrier 


rpack 


FAMILY 
PAL = 
HAL = 


NUMBE 


OUTPU 


A 
= A 
C 
= C 
H 
= A 
L 
=A 
R 
= R 
RA= R 
RS = R 
S 
=S 
X 
=E 


NUMBE 


SPEED 
Blank 
A 
B 


POWER 
Blank 
-2 
-4 


TEMPE 
M=M 


PACKA 
F 
= Ce 


F 
J 
= C 
JS = Ce 
L 
= Ce 


C 


W =Ce 


PROCESSING 
883B = MII·Std-883 
Cia•• B 


538328 1 A J 8838 
-,"~'JJ 
-c--- 1 L,,_m ~'~"G ~a 
CODE 
883B = Mil-Std-883 


5 = Military 
Cia•• 'B 


PRODUCT 
PACKAGE TYPE 


3 = Progra,mable 
JS = Ceramic SKINNYDIP 
J 
= Ceramic 
DIP 


FAMILY--+-----' 
F 
= Ceramic Solder 


S 
= SCho~ky 
Seal Flat Pack 


RA 
= Registered 
= Ceramic 
Leadless 


Asynchronous 
Chip Carrier 


RS = Registered 
W = Cerpack 


Synchronous 
o 
= Diagnostic 
OA = Diagnostic 
Asynchronous 


MEMORY SIZE 
..J 


0= 256 bits 
1 = 1024 bits 
2 = 204Sbits 
4 = 4096 
bits 
8 = 8192 bits 
16 = 16384 bits 
32 = 32768 bits 


~---PERFORMANCE 
A 
= Enhanced 
None 
= Standard 


PLETM 
Programmable 
Logic Element 
PLE5P8 M J 8838 


PREFIX ,:JJf 1 L .,a~'"'"G ~a 
PROGRAMMABLE 
883B = MII-Std·883 


LOGIC ELEMENT 
Clas. B 


NUMBER OF INPUTS 
PACKAGE TYPE 
JS = Ceramic SKINNYDIP 


OUTPUT TYPE 
J 
= Ceramic DIP 
P 
= Programmable 
F 
= Ceramic Solder 


Polarity 
Seal Flat Pack 


RA = Registered 
L 
= Leadless Chip Carrier 


Asynchronous 
W 
= Cerpack 


RS 
= Registered 
Synchronous 
TEMPERATURE CODE 


M = Military 


l-----OUTPUT 
DESIGNATOR 
o = Open 
Collector 
1 = Three State 
3 = lWo State 
L. 
NUMBER OF OUTPUTS 


4=4blts 
8=8blts 


C57401 A J 8838 


PREFIX 
j 
LHI-REL 
C 
= Cascadable 
SCREENING LEVEL 


None = Standalone 
883B = Mil-Std-883 
Class B 


TEMPERATURE CODE 


57 = Military 
PACKAGE TYPE 
J = Ceramic DIP 


POWER 
L = Ceramic Leadless 
None = StandardPower 
Chip Carrier 


PERFORMANCE 
A 
= Enhanced 
None = Standard 


SN54S730 -1 J 8838 


PREFIX 
~T~ 
LHI.REL 
SCREENING LEVEL 
883B = Mil-Std-883 


TEMPERATURE CODE 
Class B 


54 = Military 


PACKAGE TYPE 


FAMILYTYPE 
JS = Ceramic SKINNYDIP 


S 
= Schottl<y 
J 
= Ceramic DIP 


LS = Low-Power SChottky 
L 
= Ceramic Leadless 


Chip Carrier 


~~~~EERTHREE·DIGIT 
W = Cerpack 


-1 
= Resistor Option 
None = Standard 


HDI6600 -8 J 


PREFIX 
~T LPACKAGE 
TYPE 
J = ceramic DIP 


UNIQUE FOUR-DIGIT NUMBER 


TEMPERATURE CODE 
SCREENING LEVEL 


-2 = Military Temperature 
-8 = MII-Std-883, Class B 


8200882 J X 


,-,", 
", •• m-=:J T LLEAD 
FINISH 


FOR PRODUCT OR 
A = Hot Solder DIP 


FAMILY 
C = Gold Plate 
X = Any Lead Finish 


PROGRAMMING 
PROCEDURE! 
CASE OUTLINE 


DEVICE TYPE 
(same as JAN 
38510 Outlines) 


JM38510/ 503 01 8 R A 


JAN DESIGNATOR.J" Q. 
[LEAD 
FINISH 
Partscannot be markedwith 
A = Hot Solder DIP 


a" J" unlessqualifiedand 
C = Gold Plate 
approvedtor listingon OPL 
X = Any Lead Finish 


GENERAL 
PACKAGE TYPE 
PROCUREMENT SPEC 
R = 20 Lead 1/4x1·1/16 
DIP 


V = 18 Lead 1/4x15/16 
DIP 
REFERSTO DETAIL SPEC 
2 = 20 Lead O.35xO.35LCC 


206 = 4K PROM (lKx4) 
209 = 8K PROM (2Kx4) 
PROCESSING LEVEL 


503 = Programmable Array Logic 
Class B 


504 = Programmable 
Array Logic 


Introduction m 


Military Products Division B 


PROM El 


PLETMDevices E 


PAL® Devices B 


HAL®/ZHAL™ Devices D 


System Building Blocks/HMSrM & 


FIFOD 


Memory Support m 


Arithmetic 
Elements and Logic [I:J 


Multipliers [II 


a-Bit Interface I:a 


Double-Density 
PLUS™ Interface [E] 


ECL10KH mJ 


Logic Cell Array [EJ 


General Information [I!J 


Advance Information [EJ 


Package Drawings 
~ 


Representatives/Distributors Em 
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3-2 
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TiW PROM Family 
53/638080 
32x8bit 
3-5 


53/638081 
32x8 bit ...............•............ 
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638081A 
32x8 bit 
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53/638140 
256x4 bit 
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53/638141 
256x4 bit 
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53/638141A 
256x4bit .....•................•.... 
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53/638240 
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53/638241 
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53/638241A 
512x4 bit 
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53/638280 
256x8 bit 
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53/638281 
256x8 bit 
3-11 
53/638281A 
256x8 bit 
3-11 


638285 
256x8 bit 
3-13 


53/638440 
1024x4 bit 
3-15 


53/638441 
1024x4 bit 
3-15 


53/638441A 
1024x4 bit 
3-15 


53/638480 
512x8 bit 
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53/638481 
512x8 bit 
3-17 


53/638481A 
512x8bit 
3-17 
53/638485 
512x8 bit 
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53/638841 
2048x4 bit 
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53/638841A 
2048x4 bit ..................•..... 
3-21 


53/638881 
1024x8 bit ...............•........ 
3-23 


53/638881A 
1024x8 bit ........•............... 
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53/6381641 
4096x4 bit 
3-25 


53/6381641A 
4096x4 bit ...................•.... 
3-25 


53/6381681 
2048x8 bit 
3-27 


53/6381681A 
2048x8 bit ......•................. 
3-27 


53/6383281 
4096x8 bit 
3-29 


53/6383281A 
4096x8 bit 
3-29 


Typical ICC vs TemperaturelTAAvs Temperature 
3-31 


8witching Test Load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-37 
Definitionof Waveforms .......•.................... 
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Definitionof Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. 
3-37 


Registered 
PROMs 
53/63RA481 
512x8 bit Registered 
. 


53/63RA481A 
512x8 bit Registered 
. 


53/63R8881 
1024x8 bit Registered 
. 


53/63R8881A 
1024x8 bit Registered 
. 


53/63RA1681 
2048x8 bit Registeredw/Asyn 


Enable 
. 


53/63RA1681A 
2048x8 bit Registeredw/Asyn 


Enable 
. 


2048x8 bit Registeredw/8ync 


Enable .....................•... 


53/63R81681A 
2048x8 bit Registeredw/8ync 


Enable 
. 


Diagnostic 
Registered 
PROMs 
8witching Test Load 
. 


8chematic of Inputs and Outputs .....•...•........ 
Definitionof Timing Diagrams 
. 


Registered 
PROMs 
8witching Test Load .........................•.... 
8chematic of Inputs and Outputs 
. 


Definitionof Timing Diagrams 
. 


Diagnostic 
Registered 
PROMs 
53/63DA441 
1024x8 bit Diagnostic Registered 


53/63DA442 
1024x8 bit DiagnosticRegistered 


53/63DA841 
2048x4 bit Diagnostic Registered 


with AsynchronousEnable 
and Output Initialization 
. 


4096x4 bit Diagnostic Registered 


AsynchronousEnable 
. 


53/63DA1643 
4096x4 bit DiagnosticRegistered 


Output Initialization 
. 


Monolithic Memories PROM ProgrammerReference 


Chart 
. 
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PROM Performance 
Analysis 
(Maximum Commercial Limits) 


MMI(TiW) 
MMI (NiCr) 
AMD 
FWITSU 
HARRIS 
- 
NATIONAL 
SJGNETICS 
TI 
OUt 
(REFERENCE ONlY) 
-- 


Type 
put 
Part No. 
TAA"/lce 
Part No. 
TAA/lce 
Part No. 
TAA"/lce 
Part No. 
TAA*/Ice 
Part No. 
TAA/lce 
Part No. 
TAA"/ICC 
Part No. 
TAA/lce 
Part No. 
TAA/ICC 


1/4K (32x8) OC 
635080 
25/125 
6330-1 
50/125 
27518 
40/115 
7111E 
35/100 
7602 
50/130 
745188 
35/110 
2523 
50/96 
185A03O 
40/110 
27518A 
25/115 
7111H 
25/100 
2523A 
25/96 
T5 
635081 
25/125 
6331-1 
50/125 
27519 
40/115 
7112E 
35/100 
7603 
50/130 
745288 
35/110 
25123 
50/96 
185030 
40/110 
63S081A 
15/125 
27519A 
25/115 
7112H 
25/100 
25123A 
25/96 
7112Y 
20/100 


lK (256x4) 
OC 
635140 
45/130 
6300-1 
55/130 
27520 
45/130 
7113 
30/100 
7610 
60/130 
745387 
50/130 
25126 
501120 
245Al0 
65/100 
27520A 
30/130 
7610A 
45/110 
25126A 
30/120 


76108 
35/110 
T5 
635141 
45/130 
6301-1 
55/130 
27521 
45/130 
7114 
30/100 
7611 
60/130 
745287 
50/130 
25129 
501120 
24510 
55/100 
635141A 
30/130 
27521A 
30/130 
7611A 
45/110 
25129A 
27/120 


76118 
35/110 


2K(256x8) 
OC 
635280 
45/140 
6308-1 
70/155 
7117E 
45/140 
28LA22 
75/100 


7117H 
35/140 
T5 
635281 
45/140 
6309-1 
70/155 
7118E 
45/140 
74L5471 
60/100 
25135 
45/155 
28L22 
70/100 


635281A 
28/140 
7118H 
35/140 


2K1256x81 T5 
635285 
45/160 
6336-2 
70/155 
24-Pin DIP 


2K1512x41 DC 
635240 
45/130 
6305-1 
60/130 
27512 
50/130 
7115E 
45/120 
7620 
70/130 
745570 
55/130 
25130 
50/140 


27512A 
30/130 
7115H 
35/120 
7620A 
501120 
745570A 
45/130 
25130A 
33/140 


76208 
40/120 
T5 
635241 
45/130 
6306-1 
60/130 
27513 
50/130 
7116E 
45/120 
7621 
70/130 
745571 
55/130 
25131 
50/140 
635241 A 
35/130 
27513A 
30/130 
7116H 
35/120 
7621A 
501120 
745571 A 
45/130 
25131A 
30/140 
7116Y 
30/120 
76218 
40/120 
7455718 
35/130 


4K(512x8) 
OC 
635480 
45/155 
6348-1 
70/155 
27528 
55/160 
7123E 
451170 
745473 
60/155 
285A42 
65/135 
27528A 
35/160 
7123H 
351170 
745473A 
45/155 
T5 
635481 
45/155 
6349-1 
70/155 
27529 
55/160 
7124E 
451170 
7649 
601170 
745472 
60/155 
25147 
60/155 
28L42 
95/85 
635481 A 
30/155 
349-2 
55/155 
27529A 
3fi/160 
7124H 
351170 
7649A 
451170 
745472A 
45/155 
25147A 
45/155 
28542 
60/135 
7454728 
35/155 


4K1512x81 T5 
635485 
45/160 
6341-1 
70/155 
27531 
551175 
7641 
701170 
745474 
651170 
25141 
601175 
28546 
60/135 


24-Pin DIP 
341-2 
55/155 
27531A 
351175 
7641 A 
451170 
745474A 
451170 
7454748 
351170 


4K(512x8) 
T5 
63RA481 
20/180 
27525 
27/185 
7226RAlR5-25 
25/170 
875R25 
27/185 
Registered 
63RA481A 
15/180 
27525A 
20/185 
7226RAlR5-20 
201170 
875R258 
20/185 


4K(1Kx4) 
OC 
635440 
45/140 
6352-1 
601175 
27532 
55/140 
7121E 
45/150 
7642 
60/140 
745572 
60/140 
245A41 
60/140 


27532A 
35/140 
7121H 
35/150 
7642A 
50/140 
745572A 
45/140 


76428 
45/140 
T5 
635441 
45/140 
6353-1 
601175 
27533 
55/140 
7122E 
45/150 
7643 
60/140 
745573 
60/140 
25137 
60/140 
24541 
60/140 
635441A 
35/140 
353-2 
50/140 
27533A 
35/140 
7122H 
35/150 
7643A 
50/140 
745573A 
45/140 
25137A 
45/140 
7122Y 
30/150 
76438 
45/140 
7455738 
35/140 
251378 
35/140 


PROM Performance 
Analysis 
(Maximum 
Commercial 
Limits) 


MMI(TiW) 
MMI(NICr) 
AMO 
FUJITSU 
HARRIS 
NATIONAL 
SIGNETICS 
TI 
Out 


TAA*/IC< 
(REFERENCEONLY 
TAA*/ICC 
TAAIIC< 
TAA*/IC< 
WICl 
Type 
put Part No. 
Part No. 
TWICC 
Part No. 
Part No. 
TAA*/ICI Part No. 
Part No. 
Part No. 
Part No. 
TWICC 


4KllKx4) 
TS 
63DA441 
18/180 
27S65 
15/185 
Diagnostic 
63DA442 
18/180 
27S65A 
12/185 


8K 11Kx8) 
TS 
635881 
45/160 
6381-1 
901175 
27S181 
60/185 
7132E 
551175 
7681 
70/170 
87S181 
551170 
82S181 
01175 
28S86A 
65/165 
6O(}milDIP 
63S881A 
30/160 
381-2 
551170 
27S181A 
35/185 
7132H 
451175 
7681A 
501170 
87S181A 
451170 
~2S181A 
~1175 
7132Y 
35/175 
82S1818 
~5/175 


8K (lKx8) 
TS 
63S881NS 
45/160 
6381·1NS 
901175 
27S281 
60/185 
7132E·SK 
551175 
6-7681 
701170 
875281 
551170 
82S181N3 
01175 
300-mil DIP 
63S881AN8 
30/160 
381·2N8 
551170 
278281 A 
35/185 
7132H·8K 
451175 
6·7681A 
501170 
~28181AN3 ~1175 
7132Y-8K 
351175 


8K (1Kx8) 
T8 
63RS881 
20/180 
27835/37 
25/185 
7232RA/R8·25 
25/185 
878R181 
201175 
Reoistered 
63RS881A 
15/180 
27S35/37A 20/185 
7232RA/R8·20 
20/185 


8K (2Kx4) 
T8 
635841 
50/150 
6389-1 
701170 
278185 
50/150 
7128E 
55/155 
7685 
701170 
878185 
55/140 
828185 
~/120 
24581 
701175 
63S841A 
35/150 
389-2 
55/155 
278185A 
35/150 
7128H 
45/155 
7685A 
501170 
878185A 
45/140 
~28185A 
/155 
7128Y 
35/155 
8781858 
35/140 
8281858 
~/155 


8K 12Kx4) 
T8 
63DA841 
20/185 
27875 
15/185 
Diagnostic 
27875A 
12/185 


16K12Kx8) T8 
6381681 
50/185 
278191 
50/185 
7138E 
55/180 
76161 
60/180 
878191 
651175 
828191 
~/185 
288166 
751175 
600-mil DIP 
6381681A 
35/185 
278191A 
35/185 
7138H 
45/180 
76161A 
50/180 
878191A 
451175 
~28191A 
~/185 
7138Y 
35/180 
8781918 
35/175 
8281918 
145/185 


16K12Kx8) T8 
6381681N8 
50/185 
278291 
50/185 
7138E-8K 
55/180 
6-76161 
60/180 
878291 
651175 
8281918N3 145/185 
300-mil DIP 
6381681AN8 
35/185 
278291A 
35/185 
7138H-8K 
45/180 
6·76161A 
50/180 
7138Y·8K 
35/180 


16K(2Kx81 T8 
63RA/R81681 
20/185 
27845/47 
25/185 
Reoistered 
63RA/R81681A 15/185 
27S45/47A 20/185 


16K(4Kx4) T8 
6381641 
501175 
27841 
50/165 
7152E 
551170 
76165 
601170 
878195A 
451170 
82H8195 
45/155 
6381641A 
351175 
27841A 
35/165 
7152H 
451170 
8781958 
351170 
7152Y 
351170 


16K14Kx4) T8 
6301641 
20/190 
27585 
15/185 
Diagnostic 
27585A 
12/185 
28 
63DAl643 
20/190 


32K 14Kx8) T8 
6383281 
45/190 
27843 
55/185 
7142E 
65/185 
76321 
65/190 
878321 
55/185 
828321 
70/175 
63S3281A 
35/190 
27843A 
40/185 
7142H 
55/185 
82HS321 
451175 


64K 18Kx8) T8 
63S6481" 
55/190 
27849 
55/190 
7144E 
65/190 
76641 
85/190 
63S6481A 
45/190 
27849A 
40/190 
7144H 
55/190 


High Performance 
32x8 PROM 
TiW PROM Family 


53/635080 
53/635081 
635081A 


• 15-ns maximum access time 


• Reliable titanium-tungsten fuses (TIW) guarantee 


greater than 98% programming yields 


• Low-voltage generic programming 


• PNP Inp~ts for low Input current 


• Open collector or three-state outputs. 


Description 


The 53/638080, 53/638081 and 63S081A feature low input cur- 
rent PNP inputs, full Schottky clamping and three-state and 
open collector outputs. The titanium-tungsten 
fuses store a 


logical low and are programmed to the high-state. Special on- 
chip circuitry and extra fuses provide preprogramming testing 
which assures high programming yields and high reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series isspecified for the 
military ranges. 


Applications 


• Programmable logic element (PLE'") 5 Inputs, 8 outputs, 
32 product terms 


• Address decoder 


• Priority encoder 


Programming 


The 53/638080, 53/63S081 and 63S081A are programmed with 
the same programming algorithm asall other Monolithic Memo- 
ries' generic TiW PROMs. For details contact the factory. 


MEMORY 
PACKAGE 
PART NUMBER 
PERFORMANCE 
SIZE 
ORGANIZATION 
OUTPUT 
PINS 
TYPE 
O°C to +75°C 
-55°C to +125°C 


TS 
Enhanced 
63S081A 
- 


1/4 K 
32x8 
TS 
16 
N,J,W 
63S081 
53S081 
(20) 
(NL),(L) 
Standard 
OC 
638080 
53S080 


02 
01 
N'CVCC 
E 
10 


:~ 
11 


03 
A4 
A2 
12 
10F32 


A3 
13 
DECODER 


04 
A3 
A4 
14 


NC 
NC 


05 
A2 


06 
A1 


32.8 
PROGRAMMABLE 


ARRAY 


TWX: 910-338-2376 


2175 Minion 
College 
Blvd. Santa 
Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
.onollthlo~f!n 
MemorIes 
InJn.LI 


3-5 


Programming 


................... 
12 V 


.................... 
7V 


Operating 


Supply voltage VCC 
-0.5 V to 7 V 
Input voltage 
-1.5 V to 7 V 


Input current 
-30 mA to +5 mA 


Off-state output voltage 
-0.5 V to 5.5 V 


Storage temperature 
-65 ·C to +150 ·C 


SYMBOL 
MiliTARY 
COMMERCIAL 
UNIT 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
-55 
125 
0 
75 
·C 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN TYPt 
MAX 
UNIT 


Vil 
low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II 
= -18 mA 
-1.5 
V 


III 
low-level 
input current 
VCC = MAX 
VI=0.4V 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI = VCC MAX 
40 
!J.A 


I 
Com 
0.45 
Val 
low-level 
output voltage 
VCC = MIN 
10l = 16 mA 
I 


V 


Mil 
0.5 


VOH 
High-level output voltage. 
VCC = MIN 
Com 10H = -3.2 mA 


2.4 
V 


Mil 10H = -2 mA 


10Zl 
Off-state output current· 


Va = 0.4 V 
-40 


10ZH 


VCC = MAX 
40 
!J.A 


Va = 2.4 V 


Va = 2.4 V 
40 
ICEX 
Open collector output current 
VCC = MAX 
VO=5.5V 
100 
!J.A 


105 
Output short-circuit 
current:. 
VCC = 5V 
Va = OV 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs grounded. All outputs open. 
90 
125 
mA 


tAA(ns) 
tEA AND tER (ns) 
OPERATING 
ENABLE ACCESS TIME 
ADDRESS ACCESS TIME 
RECOVERY TIME 
UNIT 
CONDITIONS 
DEVICE TYPE 
TYPt 
MAX 
TYPt 
MAX 


63S081A 
9 
15 
9 
20 
COMMERCIAL 
635080, 635081 
9 
25 
9 
20 
ns 


MiliTARY 
535080. 538081 
9 
35 
9 
30 


* Three-state 
only. 


* * Not more than one output should be shorted at a time and duration at the short-circuit 
should nor exceed one second. 


t Typical. at 5.0 V VCC and 2S'C 
TA' 


High Performance 
256x4 
PROM 
TiW PROM Family 


53/635140 
53/635141 
53/635141A 


• 
30-ns maximum 
access 
time 


• 
Reliable 
titanium-tungsten 
fuses 
(TiW) 
guarantee 


greater 
than 
98% programming 
yields 


• 
Low-voltage 
generic 
programming 


• 
PNP Inputs 
for low Input 
current 


• Open 
collector 
or three-state 
outputs 


Applications 


• 
Microprogram 
control 
store 


• 
Microprocessor 
program 
store 


• 
Look-up 
table 


• 
Character 
generator 


• 
Code 
converter 


• 
Programmable 
Logic 
Element 
(PLE'") 
with 
8 inputs, 
4 outputs, 
and 256 product 
terms 


Description 


The 
53/63S140 
and 
53/63S141/A 
are 
256x4 
bipolar 
PROMs 
featuring 
low input 
current 
PNP inputs, 
full Schottky 
clamping, 


and open collector 
or three-state 
outputs. 
The titanium-tungsten 
fuses store a logical 
low and are programmed 
to the high state. 
Special 
on-chip 
circuitry 
and extra fuses 
provide 
preprogram- 
ming 
testing 
which 
assures 
high programming 
yields 
and high 


reliability. 


The 63 series 
is specified 
for 
operation 
over the commercial 
temperature 
and voltage 
range. 
The 53 series 
is specified 
for 
the military 
ranges. 


Programming 


The 53/63S14O and 53/63S141/A 
PROMs 
are programmed 
with 


the same programming 
algorithm 
as all other Monolithic 
Memo- 
ries' generic 
TiW PROMs. 
For details 
contact 
the factory. 


MEMORY 
PACKAGE 
PART 
NUMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
OUTPUT 
PINS 
TYPE 
O°Cto+75°C 
-55°C 
to +125°C 


TS 
Enhanced 
63S141A 
53S141A 


1 K 
256x4 
TS 
16 
N,J,W, 
63S141 
53S141 
(20) 
(NL),(L) 
Standard 


OC 
63S14O 
538140 


A71S 


A61 


AS 2 
A4 
3 


A34 


10F32 


ROW 
DECODER 


32.32 


PROGRAMMABLE 
ARRAY 


A2 
7 


Al 
6 


AD 
S 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054·1592 
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ltIIonollthlo~1!n 
ltIIemorles Il1JrW 
3·7 


Operating 
Programming 
Supply voltage VCC ........................................•.................... 
-0.5 V to 7 V ....•..•.............. 
12 V 
Input voltage 
-1.5 V to 7 V 
7 V 
Input current 
-30 mA to +5 mA 


Off-state output voltage 
-0.5 V to 5.5 V 
12 V 
Storage temperature 
_65° to +150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II = -18 mA 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI = VCC MAX 
40 
IJA 


I 
Com 
0.45 
VOL 
Low-level output voltage 
VCC = MIN 
10L = 16 mA 


I 
V 


Mil 
0.5 


VOH 
High-level output voltage * 
VCC = MIN 
Com 10H = -3.2 mA 


2.4 
V 


Mil 10H = -2 mA 


10ZL 
Off-state output current * 


VO=0.4V 
-40 


10ZH 


VCC = MAX 
IJA 


Vo = 2.4 V 
40 


Vo = 2.4 V 
40 
ICEX 
Open collector output current 
VCC = MAX 
100 
IJA 


Vo = 5.5V 


10S 
Output short-circuit 
current:* 
VCC = 5V 
Vo = 0 V 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs grounded. All outputs open. 
80 
130 
mA 


tAA (ns) 
tEA AND 
tER (ns) 


ENABLE 
ACCESS 
TIME 
OPERATING 
DEVICE 
TYPE 
ADDRESS 
ACCESS 
TIME 
RECOVERY 
TIME 
CONDITIONS 
UNIT 


TYPt 
MAX 
TYPt 
MAX 


63S141A 
20 
30 
10 
20 
COMMERCIAL 
63S140.63S141 
20 
45 
10 
25 
ns 


53S141A 
20 
40 
10 
30 
MILITARY 


53S140,53S141 
20 
55 
10 
30 


•. 
Three-state 
only. 


Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 
t 
Typical. 
at 5.0 V VCC and 25·C 
TA. 


High Performance 
512x4 PROM 
Ti·W PROM 
Family 


53/635240 
53/635241 
53/635241A 


• 35-ns 
maximum 
access 
time 


• 
Reliable 
titanium-tungsten 
fuses 
(TiW) 
guarantee 


greater 
than 
98% programming 
yields 


• 
Low-voltage 
generic 
programming 


• 
PNP inputs 
for low Input 
current 


• 
Open 
collector 
or three-state 
outputs 


Applications 


• 
Microprogram 
control 
store 


• 
Microrocessor 
program 
store 


• 
Look-up 
table 


• 
Character 
generator 


• 
Code 
converter 


• 
Programmable 
logic element 
(PLE'·) 
with 9 inputs, 
4 outputs, 
512 product 
terms 


Description 


The 
53/63S240 
and 
53/63S241/A 
are 
512x4 
bipolar 
PROMs 
featuring 
low input current 
PNP inputs, 
full Schottky 
clamping, 


and 
open 
collector 
or 
three-state 
outputs. 
The 
titanium- 
tungsten 
fuses store 
a logical 
low and are programmed 
to the 
high-state. 
Special 
on-chip 
circuitry 
and 
extra 
fuses 
provide 
preprogramming 
testing 
which 
assures 
high 
programming 
yields 
and high 
reliability. 


The 
63 series 
is specified 
for operation 
over 
the commercial 
temperature 
and voltage 
range. The 53 series is specified 
for the 
military 
ranges. 


Programming 


The 
53/63S240 
and 
53/63S241/A 
PROMs 
are 
programmed 


with 
the 
same 
programming 
algorithm 
as all other 
Monolithic 


Memories 
generic 
Ti-W 
PROMs. 
For details 
contact 
the factory. 


MEMORY 
PACKAGE 
PART 
NUMBER 


I ORGANIZATION 


PERFORMANCE 


SIZE 
OUTPUT 
PINS 
TYPE 
O°C to+75°C 
-55°C 
to +125°C 


TS 
Enhanced 
63S241A 
53S241A 


2K 
512x4 
TS 
16 
N,J,W, 
63S241 
538241 
(20) 
(NL),(L) 
Standard 


OC 
638240 
53S240 


AS 
AS 
He YCC 
A7 
,. 


...• 
0 


A3 
E 


01 


A1 
NC 


02 


• ,. 
11 
12 
13 


He GNO He 
04 
03 


Plastic 
Chip 
Carrier 


A814 


A715 
A6 1 
AS 2 


A43 


10F32 
ROW 
DECODER 


32.64 


PROGRAMMABLE 
ARRAY 


A3 


A27 


A1 6 


5 
AO 


1 OF 16 


COLUMN 
DECODER 


Monolithic ~Tln 
Memories 
InJl1JJ 
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EJ 


Operating 
Programming 


Supply voltage Vcc 
-0.5 V to 7 V ........•............. 
12 V 


Input voltage 
-1.5 V to 7 V 
7 V 


Input current 
-30 mA to +5 mA 
Off-state output voltage 
-0.5 V to 5.5 V 
12 V 
Storage temperature 
_65° to +150°C 


PARAMETER 
MILITARY 
COMMERCIAL 
SYMBOL 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II 
= -18 mA 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
.. 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI = VCC MAX 
40 
/lA 


I 
Com 
0.45 
VOL 
Low-level output voltage 
VCC = MIN 
10L = 16mA 
I 


V 


Mil 
0.5 


VOH 
High-level output voltage , 


VCC = MIN 


Com 10H = -3.2 mA 
2.4 
V 


Mil 10H = -2 mA 


10ZL 
Off-state output current' 


VO=0.4V 
-40 


10ZH 


VCC = MAX 


Va = 2.4 V 
40 


/lA 


Va = 2.4 V 
40 
ICEX 
Open collector output current 
VCC = MAX 
/lA 


Va = 5.5V 
100 


10S 
Output short-circuit 
current:, 
VCC = 5V 
Va = 0 V 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs grounded. All outputs open. 
80 
130 
mA 


tAA (ns) 
tEA AND 
tER (ns) 


ENABLE 
ACCESS 
TIME 
OPERATING 
DEVICE TYPE 
ADDRESS 
ACCESS 
TIME 
RECOVERY 
TIME 
UNIT 
CONDITIONS 


TYPt 
MAX 
TYPt 
MAX 


63S241A 
25 
35 
12 
20 
COMMERCIAL 
63S240, 63S241 
25 
45 
12 
25 
ns 


53S241A 
25 
45 
12 
30 
MILITARY 
53S240,53S241 
25 
55 
12 
30 


* 
Three-state 
only. 


Not more than one output should be shorted at a time and duration 01 the short-circuit 
should not exceed one second. 
t 
Typicals 
at 5.0 V VCC and 25"C TA' 


High Performance 
256x8 PROM 
TiW PROM 
Family 


53/635280 
53/635281 
53/635281A 


Features/ 
Benefits 


• 28-ns maklmum access time 


• Reliable titanium-tungsten 
fuses (TlW) guarantee 


greater than 98% programming yields 


• Low-voltage generic programming 


• PNP Inputs for low Input current 


• Open collector or three-state outputs 


Applications 


• Micropro~ram control store 


• Microprotessor 
program store 


• Look-up table 


• Character generator 


• Code converter 


• Programmable Logic Element (PLE'") with 8 Inputs, 
8 outputs, and 256 product terms 


Description 


The 53/63S280 and 53/63S281/A are 256x8 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping, 
andopen collector or three-state outputs. The titanium-tungsten 
fuses store a logical low and are programmed to the high state. 
Special on-chip circuitry and extra fuses provide preprogram- 
ming testing which assures high programming yields and high 
reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range.The 53 series isspecified forthe 
military ranges. 


The 53/63S280and 53/63S281/A PROMsare programmed with 
the same programming 
algorithm 
as all other Monolithic 
Memories' generic TiW PROMs.For details contact the factory. 


MEMORY 
PACKAGE 
PARTNIMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
OUTPUT 
PINS 
TYPE 
O°C to +75°C 
-55°C to +125°C 


TS 
Enhanced 
63S281A 
53S281A 


2K 
256x8 
TS 
20 
N,J,W 
638281 
538281 
NL,L 
8tandard 


OC 
638280 
538288 


19 


A7 
18 
A6 
17 
AS 
2 
A1 
1 


AO 


10F32 


ROW 
DECODER 


32.64 


PROGRAMMABLE 
ARRAY 


Eli 


15 
E1 


14 
08 


5 
A4 


4 


A3 
A2 
3 


TWX: 910-338-2376 
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Operating 
Programming 


Supply 
voltage 
VCC ................................•............................ 
-0.5 V to 7 V 
12 V 
Input voltage 
-1.5 V to 7 V 
7 V 
Input current 
-30 mA to +5 mA 


Off-state 
output 
voltage 
-0.5 V to 5.5 V 
12 V 
Storage 
temperature 
...............................................•..•....... 
_65° to + 150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V. 


VIH 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC = MIN 
II 
= 
-18mA 
-1.5 
V 


IlL 
Low-level 
input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI = VCC MAX 
40 
IlA 


I 
Com 
0.45 
VOL 
Low-level 
output 
voltage 
VCC = MIN 
10L = 16mA 


I 


V 


Mil 
0.5 


VOH 
High-level 
output 
voltage , 


VCC = MIN 


Com 
10H = -3.2 mA 


2.4 
V 
Mil 
'OH = -2 mA 


10ZL 
VO=O.4V 
-40 
Off-state 
output 
current' 
VCC 
= MAX 
40 
IlA 
10ZH 
VO=2.4V 


VO=2.4V 
40 
ICEX 
Open collector 
output 
current 
VCC = MAX 
IlA 


Vo 
= 5.5 V 
100 


10S 
Output 
short-circuit 
current:, 
VCC = 5 V 
Vo 
= 0 V 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC 
= MAX. All inputs 
grounded. 
All outputs 
open. 
90 
140 
mA 


tAA (ns) 
tEA AND 
tER (ns) 


ENABLE 
ACCESS 
TIME 
OPERATING 
DEVICE 
TYPE 
ADDRESS 
ACCESS 
TIME 
RECOVERY 
TIME 
CONDITIONS 
UNIT 


TYPt 
MAX 
TYPt 
MAX 


63S281A 
21 
28 
18 
25 
COMMERCIAL 


63S280,63S281 
21 
45 
18 
25 
ns 
53S281A 
21 
40 
18 
30 
MILITARY 


53S280,53S281 
21 
50 
18 
30 


'" Three-state 
only. 
* * 
Not more 
than one output 
should 
be shorted 
at a lime 
and duration 
of the short-ClfCUlt 
should 
not exceed 
one second. 


t Typlcals at 5.0 V VCC and 25" eTA. 


High Performance 
256x8 
PROM 


Ti"'" PROM Family 


635285 


Features/Benefits 


• Replaces 24-pin 256x8 NiCr PROM (6336) 


• Upward pinout-compatible 
with higher density PROMs 


• 45-ns marlmum access time 


• Reliable titanium-tungsten 
fuses (TIW) guarantee greater 
than 99% programming yields 


• Low voltage generic programming 


I 
• PNP Inputs for low Input current 


• Three-state outputs with four enable pins 


Applications 


• Microprogram control store 


• Microprocessor program store 


• Look-up l!Ible 


• Character generator 


• Code converter 


Description 


The 63S285isa256x8 bipolar PROM featuring low-current PNP 
inputs, full Schottky clamping, and three-state outputs. The 
titanium-tungsten fuses store a logical low and are programmed 
tothe high state.Specialon-ehip circuitry and extra fuses provide 
preprogramming 
testing which 
assures high programming 
yields and high reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range. 


Programming 


The 63S285PROM is programmed with the same programming 
algorithm asall other Monolithic Memories generic TiW PROMs. 
For details contact the factory. 


MEMORY 
PACKAGE 
PART NUMBER 


I 
PINS! 


OUTPUT 
PERFORMANCE 


SIZE 
ORGANIZATION 
TYPE 
O°C to +75°C 


2K 
I 
256x8 
241 
N,J 
TS 
Standard 
63S285 


I 
Pin Configuration 


635285 N 


TEMPERATURE~~LPACKAGE 
TYPE 
CODE 
N : Plastic DIP 


63 = Commercial 
J 
= Ceramic DIP 


OUTPUT DESIGNATOR 


FAMILY 
5 : Alternate Pinout 
S = Schottky 


NUMBER OF OUTPUTS 


MEMORY SIZE 
8 = 8 bits 
2 = 2048 bits 


TWX: 910-338-2376 
MonolIthIc I!T!II 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
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EJ 


Operating 
Supply voltage vee 
........•................................................... 
-0.5 V to 7 V 
Input voltage 
..............•.........................................•......... 
-1.5 V to 7 V 
Input current 
...........................•................................. 
-30 mA to +5 mA 
Off-state output voltage ......•.....•...........•....•.....•........•.......... 
-0.5 V to 5.5 V 
Storage temperature ............•............................................ 
_65° to +1500e 


Programming 


.................... 
12V 


..........•......•... 
7V 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
NOM 
MAX 


Vee 
Supply voltage 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
0 
75 
°e 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


Vil 
low-level input voltage 
Guaranteed input logical low voltage 
0.8 
V 
for all inputstt 


VIH 
High-level input voltage 
Guaranteed input logical high voltage 
2 
V 
for all inputstt 


Vie 
Input clamp voltage 
Vee= 
MIN 
II = -18 mA 
-1.5 
V 


III 
low-level input current 
Vee = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level input current 
Vee = MAX 
VI = Vee MAX 
40 
p.A 


Val 
low-level output voltage 
Vee= 
MIN 
10l = 16 mA 
0.45 
V 


VOH 
High-level output voltage 
Vee= 
MIN 
10H = -3.2 mA 
2.4 
V 


10Zl 
Va = 0.4 V 
-40 


10ZH 
Off-state output current 
Vee = MAX 
40 
p.A 


Va = 2.4 V 


10S 
Output short-circuit current" 
Vee = 5V 
Va = 0 V 
-20 
-90 
mA 


Ice 
Supply current 
Vee = MAX. All inputs grounded. All outputs open. 
115 
160 
mA 


tAA (ns) 
tEA AND tER (ns) 


OPERATING 
ADDRESS 
ACCESS 
TIME 
ENABLE 
ACCESS 
TIME 


CONDITIONS 
DEVICE 
TYPE 
RECOVERY 
TIME 
UNIT 


TYPt 
MAX 
TYpt 
I 
MAX 


COMMERCIAL 
63S285 
26 
45 
18 
I 
30 
ns 


* 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 
t 
Typicals 
at 5.0 V VCC. and 25"C TA' 
tt 
VIL and VIH limits are absolute values with respect to the device ground pin(s) and include all overshoots due to test equipment 
noise. 


High Performance 
1024x4 PROM 
TiW PROM 
Family 


53/635440 
53/635441 
53/635441A 


• 35-ns maximum access time 


• Reliable titanium-tungsten 
fuses (TIW) guarantee 


greater than 98% programming yields 


• Low-voltage generic programming 


• PNP Inputs for low Input current 


• Open collector or three-state outputs 


Applications 


• Microprogram control stores 


• Mlcropr0c4j880rprogram store 


• Look-up table 


• Character generator 


• Code converter 


• Programmable logic element (PLE', 
10 Inputs, 4 outputs, 
1024Prodf 
terms 


Selecti0r- Guide 


Description 


The 53/638440 and 53/6384411A are 1024x4 bipolar PROMs 
featuring low input current PNP inputs, full 8chottky clamping 
with open collector 
or three-state 
outputs. 
The titanium- 
tungsten fuses store a logical low and are programmed to the 
high-state. 8pecial on-chip circuitry and extra fuses provide 
preprogramming 
testing which assures high programming 
yields and high reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 


Programming 


The 53/638440 and 53/638441/ A PROMs are programmed with 
the same programming 
algorithm 
as all other 
Monolithic 


Memories' 
generic 
TiW 
PROMs. For details 
contact 
the 
factory. 


MEMORY 
PACKAGE 
PART NUMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
OUTPUT 
PINS 
TYPE 
O°C to +75°C 
-55°C to +125°C 


T8 
Enhanced 
638441A 
53S441A 


4K 
1024x4 
T8 
18 
N,J,W, 
638441 
538441 
(20) 
(NL),(L) 
8tandard 


OC 
638440 
538440 


AS 
A6 
NCVCC 
A7 


A4 
AS 


A3 
A9 


AO 
01 


A1 
NC 


02 


12 
13 


E1GNDE2 
04 
03 


Plastic Chip Carrier 


A91S 


A816 


A717 


A61 


AS 2 


A43 


1 OF 84 


ROW 
DECODER 


84>84 


PROGRAMMABLE 
ARRAY 


10F16 
COLUMN 
DECODER 


TWX: 910-338-2376 
MonolithIc m~n 
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Operating 
Programming 
Supply voltage Vcc 
-0.5 V to 7 V 
12 V 
Input voltage 
-1.5 V to 7 V 
7 V 
Input current 
-30 mA to +5 mA 


Off-state output voltage 
-0.5 V to 5.5 V 
12 V 
Storage temperature 
-650 to +1500C 


SYMBOL 
MILITARY 
COMMERCIAL 
PARAMETER 
MIN 
NOM MAX 
MIN 
NOM MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN TYPt 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II = -18 mA 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI=0.4V 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI = VCC MAX 
40 
IlA 


I 
Com 
0.45 
VOL 
Low-level output voltage 
VCC = MIN 
10L = 16mA 
I 


V 


Mil 
0.5 


VOH 
High-level output voltage * 
VCC = MIN 
Com 10H = -3.2 mA 


2.4 
V 


Mil 10H = -2 mA 


10ZL 
Vo = 0.4 V 
-40 
Off-state output current * 
VCC = MAX 
40 
IlA 
10ZH 
Vo = 2.4 V 


VO=2.4V 
40 
ICEX 
Open collector output current 
VCC = MAX 
IlA 


VO=5.5V 
100 


10S 
Output short-circuit 
current:* 
VCC = 5 V 
Vo = OV 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs grounded. All outputs open. 
95 
140 
mA 


OPERATING 
tAA (ns) 
tEA AND tER (ns) 


DEVICE TYPE 
ENABLE ACCESS TIME 
CONDITIONS 
ADDRESS ACCESS TIME 
UNIT 


RECOVERY TIME 


TYPt 
MAX 
TYPt 
MAX 


63S441A 
24 
35 
16 
25 
COMMERCIAl. 


63S440. 63S441 
24 
45 
16 
25 
ns 


53S441A 
24 
50 
16 
30 
MILITARY 


53S440. 53S441 
24 
55 
16 
30 


Three-state only 


Not more than one output should be shorted at a time and duration 
of the short-circuit 
should not exceed one second. 


t 
Typicals 
at 5.0 V VCC and 2S"C TA 


Monolithic W Memories 


High Performance 
51~x8 PROM 
TiW PROM Family 


53/635480 
53/635481 
53/635481A 


• 
30 ns ma,imum 
access 
time 


• 
Reliable 
tItanium-tungsten 
fuses 
(TiW) 
guarantee 


greater 
than 
98% programming 
yields 


• 
Low voltage 
generic 
programming 


• 
PNP inputs 
for low input 
current 


• 
Open collector 
or three-state 
outputs 


APPlic~tions 


• 
Microprogram 
control 
store 


• 
Microprocessor 
program 
store 


• 
Look-up 
table 


• 
Character 
generator 


• 
Code converter 


• 
Programmable 
Logic Element 
(PLE'") 
with 9 inputs, 
8 outputs, 
and 512 P~oduct terms 


Selecti~n Guide 


Description 


The 
53/63S480 
and 
53/63S481/A 
are 
512x8 
bipolar 
PROMs 
featuring 
low input current 
PNP inputs, 
full Schottky 
clamping, 


and open collector 
or three-state 
outputs. 
The titanium-tungsten 


fuses store a logical 
low and are programmed 
to the high state. 


Special 
on-ehip 
circuitry 
and extra fuses 
provide 
preprogram- 
ming testing 
which 
assures 
high programming 
yields 
and high 
reliability. 


The 63 series 
is specified 
for operation 
over the commercial 
temperature 
and voltage 
range. The 53 series is specified 
for the 


military 
ranges. 


Programming 


The 53/63S480 
and 53/63S481/A 
PROMs are programmed 
with 
the 
same 
programming 
algorithm 
as 
all 
other 
Monolithic 
Memories' 
generic 
TiW 
PROMs. For details 
contact 
the factory. 


MEMORY 
PACKAGE 
PART 
NUMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
OUTPUT 
PINS 
TYPE 
O°Cto 
+75°C 
-SSoC 
to +125°C 


TS 
Enhanced 
63S481 A 
53S481 A 


4K 


I 


512x8 
TS 
20 
N,J,F, 
63S481 
53S481 
NL,L 
Standard 


OC 
63S480 
53S480 


A8 19 
A7 18 


A6 17 


AS 16 


A1 
2 


AO 
1 


10F64 


ROW 
DECODER 


64.64 


PROGRAMMABLE 
ARRAY 


10F8 
COLUMN 
DECODER 
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Absolute Maximum Ratings 
Operating 
Programming 


Supply 
voltage 
Vcc 
...............................................•............. 
-0.5 V to 7 V 
12 V 


Input 
voltage 
.................•..................•.....•........................ 
-1.5 V to 7 V 
7 V 


Input 
current 
..................•.....•..............•........•..•.....•..... 
-30 mA to +5 mA 


Off-state 
output 
voltage 
.................•...........•.......................... 
-0.5 V to 5.5 V 
12 V 
Storage 
temperature 
-650 
to +1500C 


SYMBOL 


MILITARY 
COMMERCIAL 
UNIT 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
0 
75 
°c 


I SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
Vee 
= MIN 
II = 
-18 mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level 
input current 
Vce 
= MAX· 
VI = Vee 
MAX, 
40 
IJ.A 


I 
Com 
0.45 
VOL 
Low-level 
output 
voltage 
Vce 
= MIN 
IOL = 16mA 


I 


V 


Mil 
0.5 


VOH 
High-level 
output 
voltage , 


Vec 
= MIN 
Com 
IOH = -3.2 mA 
2.4 
V 


Mil 
IOH = -2 mA 


lOlL 
Off-state 
output 
current' 


Va = 0.4 V 
-40 


VCC = MAX 
IJ.A 
10lH 
Vo = 2.4 V 
40 


Vo = 2.4 V 
40 
ICEX 
Open collector 
output 
current 
Vce 
= MAX 


Vo = 5.5 V 
100 
IJ.A 


10S 
Output 
short-circuit 
current:, 
Vce 
= 5 V 
Vo = 0 V 
-20 
-90 
mA 


Ice 
Supply 
current 
Vec 
= MAX. All inputs grounded. 
All outputs 
open. 
104 
155 
mA 


tM 
(ns) 
tEA AND 
tER (ns) 


ENABLE 
ACCESS 
TIME 
OPERATING 
DEVICE 
TYPE 
ADDRESS 
ACCESS 
TIME 


CONDITIONS 
RECOVERY 
TIME 
UNIT 


TYPt 
MAX 
TYPt 
MAX 


63S481A 
22 
30 
18 
25 
COMMERCIAL 
638480. 
638481 
22 
45 
18 
25 
ns 


53S481A 
22 
40 
18 
30 
MILITARY 
538480. 
538481 
22 
50 
18 
35 


" Three·state only. 
* * Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


t Typlcals at 5.0 V VCC and 2S"C TA- 


High Performance 
512x8 
PROM 
TiW PROM Family 


53/635485 


• Upward pinout-compatible 
with higher density PROMs 


• 45-ns maxlmum access time 


• Reliable titanium-tungsten 
fuses (TiW) guarantee greater 


than 99% programming yields 


• Low-voltage generic programming 


• PNP inputs for low input current 


• Three-state outputs with four AN Oed enable pins 


• Saves space with 24-pin SKINNYOIP® package 


Applications 


• Microprogram control store 


• Microprocessor program store 


• Look-up table 


• Character generator 


• Code converter 


Description 


The 538485 and 638485 are 512x8 bipolar PROMsfeaturing low 
current PNP inputs, full Schottky clamping, and three-state 
outputs. The titanium-tungsten fuses store a logical low and are 
programmed to the high state. Special on-chip circuitry and 
extra fuses provide preprogramming testing which assures high 
programming yields and high reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range.The 53 series isspecified for the 
military ranges. 


Programming 


The 53S485and 63S485PROMs are programmed with the same 
programming algorithm asall other Monolithic Memoriesgeneric 
TiW PROMs. For details contact the factory. 


M~MORY 
PACKAGE 
PART NUMBER 
OUTPUT 
PERFORMANCE 


SIZE 
ORGANIZATION 
PINS 
TYPE 
O°C to +75°C 
-55°C to +125°C 


4K 
512x8 
TS 
24 
NS,JS,N,J,W, 
Standard 
638485 
(28) 
(NL),(L) 
53S485 


M 
AS A7 NCIICC AS NC 


4 
3 
2 
1 
28 27 
26 


A4 
0 
E1 


A3 
E2 


A2 
E3 


A1 
512x8 
E4 


AO 
NC 


NC 
08 


01 
07 


12 13 14 15 16 17 18 


02 03GNDNC 
04 05 
06 
Plastic Chip Carrier 
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Operating 


Supply 
voltage 
VCC 
. . -0.5 V to 7 V 


Input voltage 
....................•.....................................•....... 
-1.5 V to 7 V 


Input 
current 
.................................................•........... 
-30 mA to +5 mA 


Off-state 
output 
voltage 
-0.5 V to 55 V 


Storage 
temperature 
-65°C 
to +150°C 


Programming 
.................... 
12 V 
..................... 
7V 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
Guaranteed 
input 
logical 
low voltage 


0.8 
V 
for all inputs 


VIH 
High-level 
input voltage 
Guaranteed 
input 
logical 
high voltage 
2 
V 
for all inputs 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II = -18 mA 
-1.5 
V 


IlL 
Low-level 
input current 
VCC= 
MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level 
input 
current 
VCC= 
MAX 
VI = VCC MAX 
40 
IJ.A 


VOL 
I 
Com 
0.45 
Low-level 
output 
voltage 
VCC= 
MIN 
IOL = 16 mA 


I 
V 


Mil 
0.5 


VOH 
High-level 
output 
voltage 
VCC= 
MIN 
Com 
'OH = -32 
mA 
2.4 
V 


Mil 
IOH = -2 mA 


IOZL 
Off-state 
output 
current 


Vo = 0.4 V 
-40 


IOZH 


VCC= 
MAX 
IJ.A 


Vo = 2.4 V 
40 


108** 
Output 
short-circuit 
current** 
VCC = 5 V 
Vo = 0 V 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs 
grounded. 
All outputs 
open. 
115 
160 
mA 


tAA(ns) 
tEA AND 
tER (ns) 


ENABLE 
ACCESS 
TIME 
OPERATING 
DEVICE 
TYPE 
ADDRESS 
ACCESS 
TIME 
RECOVERY 
TIME 
CONDITIONS 
UNIT 


TYPt 
MAX 
TYPt 
MAX 


COMMERCIAL 
63S485 
26 
45 
18 
30 
ns 


MILITARY 
53S485 
26 
55 
18 
35 


* * Not more than one output should be shorted at a time and duration 
of the short-circuit 
should not exceed one second. 
t 
Typical 
at 5.0 V VCC' 
and 250 eTA 


High Performance 
2048x4PROM 
TiW PROM Family 


53/635841 
53/635841A 


• 35-ns 
maximum 
access 
time 


• 
Reliable 
titanium-tungsten 
fuses 
(TIW) 
guarantee 
greater 
than 
98% programming 
yields 


• 
Low-voltage 
generic 
programming 


• 
PNP Inputs 
for low Input 
current 


Applications 


• 
Microprogram 
control 
store 


• 
Microprocessor 
program 
store 


• 
Look-up 
taple 


• 
Character 
generator 


• 
Code 
converter 


• 
Programmable 
Logic 
Element 
(PLE'") 
with 
11 Inputs, 


4 outputs 
and 2048 product 
terms 
per output 


Description 


The 
53/63S841 
and 
53/63S841A 
are 2048x4 
bipolar 
PROMs 
featuring 
low input current 
PNP inputs, 
full Schottky 
clamping, 


and 
three-state 
outputs. 
The 
titanium-tungsten 
fuses 
store 
a 


logical 
low and are programmed 
to the high 
state. Special 
on- 


chip 
circuitry 
and extra 
fuses 
provide 
preprogramming 
testing 


which 
assures 
high programming 
yields 
and high 
reliability. 


The 63 series 
is specified 
for operation 
over 
the commercial 
temperature 
and voltage 
range. The 53 series is specified 
for the 


military 
ranges. 


Programming 


The 53/63S841 
and 53/63S841A 
PROMs 
are programmed 
with 


the same programming 
algorithm 
as all other Monolithic 
Memories 
generic 
TiW PROMs. 
For details 
contact 
the factory. 


MEMORY 
PACKAGE 
PART 
NUMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
OUTPUT 
PINS 
TYPE 
O°C to+75°C 
-55°C 
to +125°C 


18 
N,J,W, 
Enhanced 
63S841 A 
53S841 A 
8K 
2048x4 
TS 
(20)* 
(NL),{L) 
Standard 
63S841 
53S841 


VCC 
AS 
A6 
NCVCC 
A7 


A7 


AS 
A4 
18 


A3 
17 
A9 
AO 
16 
01 
A1 
15 


02 
A2 
14 


03 
9 
10 
11 
12 
13 


A10 GND E 
04 
03 


E 
Plastic 
Chip 
Carrier 


Block Diagram 


A91s 


A816 


A717 
10F64 
64.128 


A6 
1 
ROW 
PROGRAMMABLE 


AS 
2 
DECODER 
ARRAY 


A4 
3 


A8 


A9 


01 
A10 
NC 
A3 
3 OF 32 
02 


A2 
COLUMN 
DECODER 


A1 


AO 


E 
10 
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Operating 


Supply 
voltage 
Vcc. 
. . . . . . . . . . . . . . . . . 
. 
-0.5 V to 7 V 
Input voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .. 
-1.5 V to 7 V 
Input 
current 
-30 mA to +5 mA 
Off-state 
output 
voltage 
..........................................•..•.......... 
-05 
V to 5.5 V 
Storage 
temperature 
............•......•........•............................. 
-65° to +150°C 


Programming 


..................... 
12 V 


......•................ 
7V 


I 
MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
! 45 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
I -55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 . 
V 


VIC 
Input clamp 
voltage 
VCC = MIN 
II = 
-18 mA 
-1.5 
V 


IlL 
Low-level 
input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI = VCC MAX 
40 
IlA 


I 
Com 
0.45 
VOL 
Low-level 
output 
voltage 
VCC = MIN 
10L = 16mA 
I 


V 


Mil 
0.5 


VOH 
High-level 
output 
voltage 
VCC = MIN 


Com 
10H = -3.2 mA 


2.4 
V 


Mil 
10H = -2 mA 


10ZL 
Va = 0.4 V 
-40 


10ZH 
Off-state 
output 
current 
VCC = MAX 
IlA 


Va = 2.4V 
40 


105 
Output 
short-circuit 
current * 
VCC = 5V 
Va = 0 V 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs 
grounded. 
All outputs 
open. 
110 
150 
mA 


tAA 
(ns) 
tEA AND 
tER (ns) 


ENABLE 
ACCESS 
TIME 
OPERATING 
DEVICE 
TYPE 
ADDRESS 
ACCESS 
TIME 
RECOVERY 
TIME 
CONDITIONS 
UNIT 


TYPt 
MAX 
TYPt 
MAX 


63S841A 
30 
35 
12 
25 
COMMERCIAL 


635841 
30 
50 
12 
25 
ns 
535841 A 
30 
50 
12 
30 
MILITARY 


535841 
30 
55 
12 
30 


* 
Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


t 
Typicals 
at S.OV VCC and 2S·C TA 


High Performance 
1024x8 
PROM 
, 


TiW PROM Family 
53/635881 
53/635881A 


• 30-ns maxlrrum access time 


• Reliable titanium-tungsten fuses (TIW) guarantee 


greater than 99% programming yields 


• Low-voltage generic programming 


• PNP Inputs for low Input current 


• Three-state outputs 


• 24-pin SKINNYDI~ 
or 600-m1lDIP package 


Applications 


• Mlcroprogrllm 
control stores 


• Microprocessor program store 


• Look-up table 


• Character generator 


• Code convrter 


• Programml\ble Logic Element (PLE'") with 10 Inputs, 


8 outputs and 1024 product terms 
Selection 
Guide 


Description 


The 53/63S881 and 53/63S881A are 1024x8 bipolar PROMs 
featuring low input current PNP inputs, full Schottky clamping, 
and three-state outputs. The titanium-tungsten 
fuses store a 


logical low and are programmed to the high state. Special 
on-chip 
circuitry 
and extra fuses provide preprogramming 
testing 
which 
assures high programming 
yields and high 


reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 


Programming 


The 53/63S881 and 53/63S881A PROMs are programmed with 
the same programming 
algorithm 
as all other Monolithic 


Memories generic TiW PROMs. For details contact the factory. 


MEMORY 
PACKAGE 
PART NUMBER 
OUTPUT 
PERFORMANCE 


SIZE 
ORGANIZATION 
PINS 
TYPE 
o°Cto +75°C 
--55°C to +125°C 


24 
NS,JS,N,J,W. 
Enhanced 
63S881A 
53S881A 
8K 
1024x8 
TS 
(28) 
(NL).(L) 
Standard 
63S881 
535881 


I 
Pin Con~gurations 
Block Diagram 
(DIP Pinout) 


A9 
22 


AS 
23 


A7 
1 


AS 
2 


AS 
3 


A4 
4 


10F64 
ROW 
DECODER 


64.128 


PROGRAMMABLE 
ARRAY 


SKINNYDIP'e 
is a registered 
trademark 
of Monolithic 
Memories. 
PLE'"isatrademarkof MonolithicMemories. 
TWX: 910-338-2376 


2175Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408)970-9700 TWX: 910-338-2374 MonOlllhlem 
MemorIes 


3·23 


Operating 


Supply 
voltage Vcc 
.....................................................•....... 
-05 
V to 7 V 


Input voltage 
-1.5 V to 7 V 
Input current 
-30 mA to +5 mA 


Off-state 
output 
voltage 
..............•...................•..................... 
-0.5 V to 5.5 V 
12 V 


Storage temperature 
-65°C 
to +150°C 


Programming 


....... 
12 V 


.............. 
.7V 


MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
Guaranteed 
input 
logical 
low voltage 
0.8 
V 
for all inputs 


VIH 
High-level 
input 
voltage 
Guaranteed 
input 
logical 
high voltage 
2 
V 
for all inputs 


VIC 
Input 
clamp 
voltage 
VCC = MIN 
II 
= -18 mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC = MAX 
VI = 0.4 V 
-025 
mA 


IIH 
High-level 
input 
current 
VCC = MAX 
VI = VCC MAX 
40 
J.l.A 


I 
Com 
0.45 


VOL 
Low-level 
output 
voltage 
VCC = MIN 
10L = 16 mA 


I 


V 


Mil 
05 
-- 


VOH 
High-level 
output 
voltage 
VCC = MIN 
Com 
10H = -3.2 
mA 


2.4 
V 


Mil 
10H = -2 mA 


10ZL 
Vo = 0.4 V 
-40 


Off-state 
output 
current 
VCC = MAX 
J.l.A 


10ZH 
Vo = 2.4 V 
40 


10S 
Output 
short-circuit 
current' 
VCC = 5 V 
Vo = 0 V 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs grounded. 
All outputs 
open 
92 
160 
mA 


tAA (ns) 
tEA AND 
tER (ns) 


ENABLE 
ACCESS 
TIME 
OPERATING 
DEVICE 
TYPE 
ADDRESS 
ACCESS 
TIME 
RECOVERY 
TIME 
CONDITIONS 
UNIT 


TYPt 
MAX 
TYPt 
MAX 


63S881A 
26 
30 
18 
25 
COMMERCIAL 
63S881 
26 
45 
18 
30 
ns 


53S881A 
26 
45 
18 
30 


MILITARY 
53S881 
26 
55 
18 
35 


•. Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second.' 


t 
Typical 
at S.OV VCC, and 2S·C TA' 


MonollthloWMemorles 


High Performance 
4096x4PROM 
TiW PROM 
Family 
53/6351641 
53/6351641A 


Description 


The 53/63S1641 features low input current PNP inputs. full 
Schottky 
clamping 
and three-state outputs. 
The titanium- 
tungsten fuses store a logical low and are programmed to the 
high state. Special on-chip circuitry and extra fuses provide 
pre-programming testing which assureshigh programming yields 
and high reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series isspecified for the 
military ranges. 


• 35-ns maximum access time 


• Reliable t1tTn,um-tungsten fuses (TIW) 


• Low-voltage generlc programming 


• PNP Inputs for low Input current 


Applications 


• Mlcroprogrm 
control stores 


• Microprocessor program store 


• Look-up table 


• Character generator 


• Code converter 


• Programmable Logic Element (PLE'") 12 Inputs, 
4 outputs, 4096 product terms 


Programming 


The 53/6381641 PROM is programmed with the same pro- 
gramming algorithm as all other Monolithic Memories' generic 
TiW PROMs. For details contact the factory. 


MEMORY 
PART NUMBER 
PACKAGE 
PERFORMANCE 
-55°C to +1'25°C 
SIZE 
ORGANIZATION 
OUTPUT 
O°Cto +75°C 


N.J. 
Enhanced 
63S1641A 
53S1641A 


16 K 
4Kx4 
TS 
NL 
Standard 
6381641 
53S1641 


All 
17 


Al018 


A919 


A8 1 
A7 
2 


A6 
~ 
AS 


10F128 
ROW 
DECODER 


128.128 
PROGRAMMABLE 
ARRAY 


A4 


A3 
6 


A2 
7 


Al 
8 


9 
AO 


1 OF 32 
COLUMN 
DECODER 


15 
!!16 
E2 
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Ell 


Programming 


..................... 
12V 


.••.••.••.••••.•••.••• 
7V 


Operating 


Supply voltage VCC 
-0.5V to 7V 


Input voltage 
-1.5V to 7V 


Input current 
-3OmA to +5rnA 


Off-state output voltage ......................................•.................. 
-0.5V to 5.5V 


Storage temperature 
-65·C to +150·C 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
-55 
125 
0 
75 
·C 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN TYPt 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II = -18mA 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = VCC MAX 
40 
p.A 


I 
Com 
0.45 
VOL 
Low-level output voltage 
VCC = MIN 
10L = 16mA 
I 


V 


Mil 
0.5 


VOH 
High-level output voltage 
VCC = MIN 
Com 10H = -3.2 mA 


2.4 
V 


Mil 10H = -2 mA 


10ZL 
Va = 0.4 V 
-40 


10ZH 
Off-state output current 
VCC = MAX 
p.A 


Va = 2.4 V 
40 


10S 
Output short-circuit current * 
VCC = 5V 
Va = OV 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs grounded. All outputs open. 
130 
175 
mA 


tAA (ns) 
tEA AND tER (ns) 
ENABLE ACCESS TIME 
OPERATING 
DEVICE TIME 
ADDRESS ACCESS TIME 
RECOVERY TIME 
UNIT 
CONDITIONS 
TYPt 
MAX 
TYPt 
MAX 


63S1641A 
28 
35 
12 
25 


COMMERCIAL 
63S1641 
28 
50 
12 
25 
ns 


53S1641A 
28 
50 
12 
30 


MILITARY 
53S1641 
28 
65 
12 
30 


* Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 
t Typicals 
at 5.0 V VCC and 2S·C TA' 


High Performance 
2048x8PROM 
TiW \PROM Family 


• 35-ns maximum access time 


• 16384·blt memory 


• Reliable titanium-tungsten 
fuses (TIW) 


• Available In space saving SKINNYDIp4l>package 


Applications 


• Mlcroprog,am 
control stores 


• Mlcroproc 
ssor program store 


• Look-up table 


• Character generator 


• Code converter 


• Programmable Logic Element (PLE'") 11 Inputs, 
8 outputs, 2048 product terms 


53/6351681 
53/6351681A 


Description 


The 53/63S1681 is a high-speed 2Kx8 PROM which 
uses 
industry standard package and pin out. In addition, the device is 
available in the 24-pin (0.3 in.) SKINNYDIP®. 


The family features low current 
PNP inputs, full Schottky 
clamping and three-state outputs. The Titanium-Tungsten fuses 
store a logical low and are programmed to the high state. 
Special on-{;hip circuitry and extra fuses provide preprogram- 
ming tests which assure high programming yields and high 
reliability. 


The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 


Programming 


The 53/6381681 PROM is programmed with the same pro- 
gramming algorithm as all other Monolithic Memories' generic 
TiW PROMs. For details contact the factory. 


MEMORY 
PACKAGE 
PART NUMBER 


I 
OUTPUT 
PERFORMANCE 
SIZE 
ORGANIZATION 
PINS 
TYPE 
O°Cto +75°C 
--55°C to +125°C 


24 
N,NS,J,JS,W, 
Enhanced 
63S1681A 
53S1681A 
16K 
2048x8 
TS 
(28) 
(NL),(L) 
Standard 
63S1681 
53S1681 


AS AS A7 NCI.a: 
AS AS 


4 
3 
2 
1 
28 27 26 


A4 
0 
A10 


A3 
E1 


A2 
E2 


A1 
2048x8 
E3 


AO 
NC 


NC 
08 


01 
07 


12 13 14 15 16 17 18 


0203 
GNONC 04 05 06 


Plastic Chip Carrier 


A10 
21 


AS 
22 


AS 
23 


A7 
1 


A6 
2 


AS 
3 


A4 
4 


1 OF 128 
ROW 
OECODER 


128.128 
PROGRAMMABLE 
ARRAY 


A3 
5 


A2 
6 


A1 
7 


AO 
8 


1 OF 16 
COLUMN 
DECODER 


SKINNYDI?O 
is f registered 
trademark 
of Monolithic 
Memories. 
Monolithic m 


PLE'" is a traderT]ark of Monolithic 
Memories. 
TWX: 
910-338-2376 
M 
• 


2175 Mission College 
Blvd. 
Santa Clara, CA 95054-1592 
Tel: (408) 
970-9700 
TWX: 
910-338-2374 
emor,es 
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Absolute 
Maximum 
Ratings 
Operating 
Supply voltage VCC 
-0.5 V to 7 V 
Input voltage 
-1.5 V to 7 V 
Input current ......................•........................................ 
-30 mA to +5 mA 
Off-state output voltage 
-0.5 V to 5.5 V 
Storage temperature 
-65°C to +150°C 


Programming 


.................... 
12 V 


..................... 
.7 V 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 


MIN NOM MAX 
MIN NOM MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free air temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN TYPt 
MAX 
UNIT 


VIL 
low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II = 
-18mA 
-1.5 
V 


III 
low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = VCC MAX 
40 
p.A 


I 
Com 
0.45 
Val 
low-level output voltage 
VCC = MIN 
10l = 16mA 


I 
V 


Mil 
0.5 


VOH 
High-level output voltage 
VCC = MIN 


Com 10H = -3.2 mA 


2.4 
V 


Mil 10H = -2 mA 


10Zl 
Va = 0.4 V 
-40 


10ZH 
Off-state output current 
VCC = MAX 
p.A 


Va = 2.4 V 
40 


10S 
Output short-circuit current * 
VCC = 5V 
Va = OV 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs grounded. All outputs open. 
135 
185 
mA 


tAA (ns) 
tEA AND tER (ns) 


ENABLE ACCESS TIME 
OPERATING 
DEVICE TYPE 
ADDRESS ACCESS TIME 
RECOVERY TIME 
UNIT 
CONDITIONS 


TYPt 
MAX 
TYPt 
MAX 


63S1681A 
27 
35 
18 
25 
COMMERCIAL 
63S1681 
27 
50 
18 
30 
ns 
53S1681A 
27 
50 
18 
30 
MILITARY 
53S1681 
27 
60 
18 
35 


* Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


t 
Typicals 
at 5.0 V VCC and 25·C 
TA- 


Hig~ Performance 
409!.x8 PROM 
TiW rROM 
Family 
53/6353281 
53/6353281A 


Description 


The 53/63S3281 is a high-speed 
4Kx8 PROM which 
uses 


industry standard pin out. 


The family features low-current 
PNP inputs, full SChottky 


clamping 
and three-state 
outputs. 
The Titanium-Tungsten 


fuses store a logical low and are programmed to the high state. 
Special on-chip circuitry and extra fuses provide preprogram- 
ming testing which assure high programming yields and high 
reliability. 
The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 


• 35-ns maxi 
um access time 


• 32768-blt memory 


• Reliable titinlum-tungsten 
fuses (TiW) 


• PNP Input1 for low Input current 


Applications 


• Mlcroprogkm 
control stores 


• MicroprocJssor program store 


• Look-up ta~le 


• Character ?enerator 


• Code convfrter 


• Programmable Logic Element (PLE'") with 12 Inputs, 


8 outputs a1nd4096 product terms 


Selectio~ Guide 


Programming 


The 53/63S3281 PROM is programmed with the same pro- 
gramming algorithm asall other Monolithic Memories' generic 
TiW PROMs. For details contact the factory. 


I 
MEMORY 
PACKAGE 
PART NUMBER 


<;>RGANIZATION 


PERFORMANCE 


SIZE 
OUTPUT 
PINS 
TYPE 
O°C to +75°C 
-55°C to +125°C 


24 
N,J,W, 
Enhanced 
63S3281A 
53S3281A 
32 K 
4096x8 
TS 
(28)' 
(NL),(L) 
Standard 
6353281 
5353281 


Block 
Diagram 


All 
19 
Al0 21 
A9 22 


AS A6 A7 NCVCCA8 A9 
A8 23 
A7 1 


A6 2 


A4 
Al0 AS 3 


A3 
E1 


A4 4 
A2 
All 
A3 5 


Al 
E2 
6 
A2 


AD 
NC Al 
7 


NC 
08 


01 
07 
AD 


02 03GNDNC04 05 06 


Plastic Chip Carrier 
9 
10 
11 13 
14 15 
16 
17 


01 
02 
03 
04 05 
06 07 
08 


128>256 


PROGRAMMA 
aLE 


ARRAY 


Monoll'hlc~T!n 
MemorIes 
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TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
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TWX: 910-338-2374 


Absolute 
Maximum 
Ratings 
Operating 
Supply voltage VCC 
-0.5 V to 7 V 
Input voltage .......................•........................................... 
-1.5 V to 7 V 
Input current ..........•.................................................... 
-30 mA to +5 mA 
Off-state output voltage 
-0.5 V to 5.5 V 
Storage temperature 
-65°C to +150°C 


Programming 


..................... 
12V 


..................... 
.7V 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
-55 
125 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN 
TYpt 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
I, = -18mA 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = VCC MAX 
40 
/lA 


I 
Com 
0.45 


VOL 
Low-level output voltage 
VCC = MIN 
'OL=16mA 
I 
V 
Mil 
0.5 


VOH 
High-level output voltage 
VCC = MIN 
Com 10H = -3.2 mA 
2.4 
V 
Mil 10H = -2 mA 


10ZL 
Vo = 0.4 V 
-40 


Off-state output current 
VCC = MAX 
40 
/lA 
10ZH 
VO=2.4V 


10S 
Output short-circuit current- 
VCC = 5 V 
Vo = 0 V 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs grounded. All outputs open. 
150 
190 
mA 


tAA(ns) 
tEA AND tER (ns) 
ENABLE ACCESS TIME 
OPERATING 
DEVICE TYPE 
ADDRESS ACCESS TIME 
RECOVERY TIME 
CONDITIONS 
UNIT 


TYPt 
MAX 
TYPt 
MAX 


63S3281A 
26 
35 
18 
30 
COMMERCIAL 
63S3281 
26 
45 
18 
30 


53S32818 
26 
40 
18 
35 
ns 


MILITARY 
53S3281A 
26 
50 
18 
35 


53S3281 
26 
60 
18 
35 


* 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


t 
Typicals 
at 5.0 V VCC and 2S"C TA. 
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Typical Ice vs Temperature 
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Typical 
CC vs Temperature 
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Typical lice vs Temperature 
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53/635440 
53/635441A 


Typical lee vs Temperature 
Typical TAA vs Temperature 
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Typical TAA vs Temperature 
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Typical Ice va Temperature 
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Typical TAA va Temperature 
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53/635881 
53/635881A 


Typical Ice vsTemperature 
TypicalTAA vs Temperature 
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Typical Ice vs Temperature 
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Typical TAA vs Temperature 
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Typical Ice vs Temperature 
Typical TAA vs Temperature 
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SWitChiJ9 
Test Load 


VCC 
)Sl 
:r1 


R 


1 
3000 


OUTPUT 


R2 
CL.I 
600 n 


-=- 
-=- 


WAVEFORM 
INPUTS 
OUTPUTS 


'#IIIIIIIIM 


DONTCARE; 
CHANGING; 


CHANGE 
PERMITIED 
STATE UNKNOWN 


11) <K 


NOT 
CENTER LINE IS 
EJI 


APPLICABLE 
HIGH IMPEDANCE 
STATE 


MUST BE STEADY 
WILL BE STEADY 


:~ 
F----~ 


o 


l~l--tAA 
__ 
'l--ti=E 
l~tE~A"- 


VOH-0.5V 
_ 


---------------~ 
VOL +0.5 V 


Notes: 
1. Input pulse amplitude 0 V to 3.0 V. 


2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 


3. In~ut access measured at the 1.5 V level. 


4. lAA is tested with switch $, closed. CL = 30 pF and measured at 1.5 V output level. 


5. For open collector 
devices, tEA and tER are measured at the 1.5 V output level with 8, closed and CL = 30 pF. 8, is open for high impedance 
to ~1·test, and 


clcked for high impedance 
to ~O·test. 


tE~ is tested with CL = 5 pF. 8, is open for ",. to high impedance test, measured at VOH -0.5 V output 
level; $, is closed for ·O~to 
higr 
impedance 
test measured at VOL +0.5 V output level. 


High Performance 
512x8 
Registered 
PROM 


53/63RA481 
53/63RA481A 


• 
Versatile 
synchronous 
and asynchronous 
enables 


• 
Asynchronous 
preset and clear 


• 
Edge-triggered 
'D" registers 


• 
8-blt-wlde 
in 24-pln 
SKINNYDIP~ 
for high board 
density 


• 
On-chlp 
register 
simplifies 
system 
timing 


• 
Faster cycle 
times 


• 
16 mA IOL output 
drive capability 


• 
Reliable 
titanium-tungsten 
fuses (11 W), with 
programming 


yields 
typically 
greater 
than 98"/0 


Applications 


• 
Microprogram 
control 
store 


• 
State sequencers/state 
machines 


• 
Next address 
generation 


• 
Mapping 
PROM 


• 
Programmable 
Logic 
Element 
(PLE") 


9 Inputs, 
8 Registered 
Outputs, 
512 product 
terms 


Description 


The 53/63RA481 
and 53/63RA481 
A are 512x8 Registered 
PROMs 
with on-ehip 
"D" type 
registers, 
versatile 
output 
enable 
control 


through 
synchronous 
and 
asynchronous 
three-state 
enable 
inputs, 
and asynchronous 
preset and clear. 


Data is transferred 
into the output 
registers 
on the rising edge of 
the clock. 
The data will appear 
at the outputs 
provided 
that both 
the asynchronous 
(E) and synchronous 
(ES) enables 
are Low. 


Prior to the positive 
clock 
edge. register 
data are not affected 
by 
changes 
in addressing 
or synchronous 
enable 
inputs. 


Memory 
expansion 
and data control 
is made more flexible 
with 
synchronous 
and asynchronous 
enable 
inputs. 
Outputs 
may be 
set to the high-impedance 
state at any time by setting Eto a High 
or if ES is High when 
the rising 
clock 
edge occurs. 
When VCC 
power 
is first applied, 
the synchronous 
enable flip-flop 
will be in 
the 
set 
condition 
causing 
the 
outputs 
to 
be 
in 
the 
high- 
impedance 
state. 


The 
output 
registers 
will 
be set to all 
Highs 
when 
preset 
is 
Low independent 
of the state of clock. 
The output 
registers 
will 


be reset to all Lows when clear 
is Low independent 
of the state 
of clock. 
Note that preset and clear are exclusive 
operations 
and 
cannot 
occur 
simultaneously. 


MEMORY 
PACKAGE 
PART NUMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
PINS 
TYPE 
O°C to +75°C 
-55°C 
to +125°C 


24 
NS,JS, 
Enhanced 
63RA481 A 
53RA481 A 
4K 
512x8 
(28) 
W, 


(NL),(L) 
Standard 
63RA481 
53RA481 


SKINNYOlpe 
is a registered 
trademark 
of Monolithic 
Memories 
PLE" is atrademarkof MonolithicMemories. 
TWX: 910·338·2376 


2175Mission College Blvd. Santa Clara, CA 95054·1592 Tel: (408) 970·9700 TWX: 910·338·2374 
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Block Di~gram 
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Plastic Chip Carrier 


Ell 


Programming 


..................... 
12V 


...................... 
7V 


Operating 
Supply 
voltage 
VCC' 
-0.5 V to 7 V 
Input voltage 
-1.5 V to 7 V 


Input current 
-30 mA to +5 mA 


Off-state 
output 
voltage 
-0.5 V to 5.5 V 


Storage 
temperature 
-65°C 
to +150°C 


COMMERCIAL 
MiliTARY 


SYMBOL 
PARAMETER 
TYPt 
63RA481A 
63RA481 
53RA481A 
53RA481 
UNIT 


MIN 
MAX MIN 
MAX MIN 
MAX MIN 
MAX 


VCC 
Supply 
voltage 
5.0 
4.75 
5.25 
4.75 
5.25 
4.5 
5.5 
4.5 
5.5 
V 


TA 
Operating 
free-air 
temperature 
25 
0 
75 
0 
75 
-55 
125 
-55 
125 
°c 


tw 
Width 
of clock 
(High 
or Low) 
10 
20 
20 
20 
20 
ns 


torw 
Width 
of preset 
or clear 
20 
20 
20 
10 
20 
ns 


tclrw 
(Low) 
to Output 
(High 
or Low) 


torr 
Recovery 
from 
preset 
or clear 
20 
20 
25 
25 
11 
ns 
tclrr 
(Low) 
to clock 
High 


ts (A) 
Setup 
time 
from 
address 
to clock 
22 
30 
35 
35 
45 
ns 


ts (ES) 
Setup 
time 
from 
ES to clock 
7 
10 
10 
15 
15 
ns 


th (A) 
Hold 
time 
from 
address 
to clock 
-5 
0 
0 
0 
0 
ns 


th (ES) 
Hold 
time 
from 
ES to clock 
-3 
5 
5 
5 
5 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


V'L 
Low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2.0 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-1.2 
V 


IlL 
Low-level 
input current 
VCC = MAX 
VI 
= 0.4V 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI 
= VCC 
40 
JlA 


VOL 
Low-level 
output 
voltage 
VCC= 
MIN 
10L = 16mA 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC= 
MIN 
Com 
10H = -3.2 mA 
2.4 
V 


Mil 'OH = -2 mA 


10ZL 
Vo 
= 0.4 V 
-40 


10ZH 
Off-state 
output 
current 
VCC = MAX 
JlA 


Vo 
= 2.4 V 
40 


'OS 
Output 
short-circuit 
current* 
VCC= 
5V 
Vo 
= OV 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC= 
MAX. 
All inputs 
TTL. All outputs 
open. 
130 
180 
mA 


* 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


t 
Typicals 
at 5.0 V VCC and 25°C T A- 


I 


"t h" 
1 
WI e I•.•g 
arae erls 
ICSOver Operating Conditions and using Standard Test Load 


COMMERCIAL 
MILITARY 


SYMBOL 
PARAMETER 
TYPt 
63RA481A 
63RA481 
53RA481A 
53RA481 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tCLK 
Clock to output Delay 
11 
15 
20 
20 
25 
ns 


tESA 
Clock to output access time (ES) 
14 
25 
30 
30 
:l5 
ns 


tESR 
Clock to output recovery time (ES) 
14 
25 
30 
30 
35 
ns 


tEA 
Enable to output access time (E) 
10 
20 
30 
25 
35 
ns 


tER 
Disable to output recovery time (E) 
10 
20 
30 
25 
35 
ns 


tpR 
I Preset to output delay (PR) 
15 
25 
25 
25 
30 
ns 


tCLR 
, Clear to output delay (CLR) 
18 
25 
30 
35 
40 
ns 


E 
I 
ES 
CLK 
PR 
CLR 
A8-AO 
Q7-QO 
Operation 


H 
I 
X 
X 
X 
X 
X 
Z 
High-Impedance 


X 
I 
H 
t 
X 
X 
X 
Z 
High-Impedance 


L 
L 
X 
L 
H 
X 
H 
Preset 


L 
I 
L 
X 
H 
L 
X 
L 
Clear 


L 
I 
L 
X 
L 
L 
X 
Illegal Operation 


L 
I 
L 
t 
H 
H 
A 
Data 
I 
Memorv Access 


A 
*~·>r~* 
_ 


Notes: 
1. Input pulse amplitute 
0 V to 3.0 V. 


2. Input 
rise and fall times 2-5 ns from 0.8 V to 2.0 V. 


3. Input 
access measured 
at the 1.5 V level. 


4. SY1itch 8, 
is closed. 
CL = 30 pF and outputs 
measured 
at 1.5 V output 
level fer all tests except 
IESA and IEBR. 


5. tEt. and tESA are measured at the 1.5 V output level with CL = 30 pF. 8, is open for high impedance to "1" test, and closed for high 
irnredance to "0" test. 


tE~ and IESR are tested with CL = 5 pF. 81 is open for "1" to high impedance 
test, measured 
at VOH -0.5 V output 
level; 8, is closed 
for "0" to 
hiqh impedance 
test measured 
at VOL +0.5 V output 
level. 


High Performance 
1024x8 
Registered PROM 


53/63RS881 
53/63RS881A 


• Edge triggered "0" registers 


• Synchronous and asynchronous enables 


• Versatile 1:16 Initialization words 


• 8-Blt-wlde In 24-pln SKINNYOIP@package for high 


board density 


• Simplifies system timing 


• Faster cycle times 


• 16 mA IOL output drive capability 


• Reliable titanium-tungsten 
fuses (TIW), with 


programming yields typically greater than 98% 


Applications 


• Microprogram control store 


• State sequencers 


• Next address generation 


• Mapping PROM 


• Programmable Logic Element (PLF") 


10Inputs, 8RegisteredOutputs, 1024product terms 


Description 


The 53/63RS881 and 53/63RS881A are 1Kx8 PROMs with on- 
chip "0" type registers, versatile output enable control through 
synchronous and asynchronous enable inputs, and flexible start 
up sequencing through programmable initialization. 


Data is transferred into the output registers on the rising edge of 
the clock. Provided that the asynchronous (E) and synchronous 
(ES) enables are low, the data will appear at the outputs. Prior to 
the positive clock edge, register data are not affected by 
changes in addressing or synchronous enable inputs. 


Memory expansion and data control is made flexible with syn- 
chronous and asynchronous enable inputs. Outputs may be set 
to the high impedance state at anytime by setting Eto a high or if 
ES is high when the rising clock edge occurs. When VCC power 
is first applied the synchronous enable flip-flop will be in the set 
condition causing the outputs to be in the high impedance state. 


The flexible initialization feature allows start up and time out 
sequencing with 1:16programmable words to be loaded into the 
output registers. With the synchronous INITIALIZE (IS) pin low, 
one of the 16 column words (A3-AO) will be set in the output 
registers independent 
of the row addresses (A9-A4). The 
unprogrammed state of is words are low, presenting a CLEAR 
with ispin low. With all iscolumn words (A3-AO) programmed 
to the same pattern, the isfunction will be independent of both 
row and column addressing and may be used as a single pin 
control. With all iswords programmed high a PRESETfunction 
is performed. 


MEMORY 
PACKAGE 
PART NUMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
PINS 
TYPE 
O°C to+75°C 
-55°C to +125°C 


24 
NS,JS, 
Enhanced 
63RS881A 
53RS881A 
8K 
1024x8 
(28) 
J,W, 


(NL),(L) 
Standard 
63RS881 
53RS881 


SKINNYOIP8 
is a registered 
trademark 
of Monolithic 
Memories. 
PLE"'isatrademarkof MonolithicMemories. 
TWX: 910-338-2376 


2175Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970·9700 TWX: 910·338·2374 
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Monollthlo ~T!n 
Memories uurw 


I 
Pin Con~iguration8 


A9 
A8 
A7 
10F64 
ROW 
A6 
DECODER 
A5 
A4 


IS 


A3 
A2 
A1 
AO 


ClK 


Es 


E 


64.128 
PROGRAMMABLE 
ARRAY 


VCC 


A8 
AS A6 A7 NCVCCAS AS 


A9 
4 
3 
2 
1 
28 27 26 


A4 
0 
E 
E 
A3 
is 
is 
A2 
ES 


A1 
1024x8 
ClK 


1024x8 
ES 
AO 
NC 


ClK 
NC 
07 


00 
06 
07 


06 
01 02GNDNC03 
Q4 05 


01 
05 


04 
Plastic 
Chip 
Carrier 


GND 
03 


1--0.3In.--j 


EJ 


Programming 
.................... 
12 V 
...................... 
7V 


Operating 


Supply 
voltage 
VCC 
-0.5 V to 7 V 
Input 
voltage 
-1.5 
V to 7 V 
Input 
current 
-30 mA to +5 mA 


Off-state 
output 
voltage 
-0.5 
V to 5.5 V 


Storage 
temperature 
-65°C 
to +150°C 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TYpt 
53RS881A 
53RS881 
63RS881A 
63RS881 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tw 
Width 
of clock 
(high 
or low) 
10 
20 
20 
20 
20 
ns 


ts(A) 
Setup 
time 
from 
address 
to clock 
25 
40 
45 
30 
35 
ns 


ts(ES) 
Setup 
time 
from 
ES to clock 
8 
15 
15 
15 
15 
ns 


ts{IS) 
Setup 
time 
from 
IS to clock 
20 
30 
35 
25 
30 
ns 


th(A) 
Hold 
time 
address 
to clock 
-5 
0 
0 
0 
0 
ns 


th{ES) 
Hold 
time 
(ES) 
-3 
5 
5 
5 
5 
ns 


th(iS) 
Hold 
time 
(IS) 
-5 
0 
0 
0 
0 
ns 


VCC 
Supply 
voltage 
5 
4.5 
5.5 
4.5 
5.5 
4.75 
5.25 
4.75 
5.25 
V 


TA 
Operating 
free-air 
temperature 
25 
-55 
125 
-55 
125 
0 
75 
0 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2.0 
V 


VIC 
Input 
clamp 
voltage 
VCC = MIN 
II 
= -18 mA 
-1.2 
V 


IlL 
Low-level 
input 
current 
VCC = MAX 
VI 
= 0.4 V 
-0.25 
mA 


IIH 
High-level 
input 
current 
VCC = MAX 
VI 
= VCC 
MAX 
40 
J.l.A 


VOL 
Low-level 
output 
voltage 
VCC = MIN 
IOL=16mA 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC = MIN 
Com 
10H = -3.2 mA 


2.4 
V 


Mil 10H = -2 mA 


10ZL 
Vo 
= 0.4 V 
-40 
Off-state 
output 
current 
VCC 
= MAX 
J.l.A 
10ZH 
VO=2.4V 
40 


10S 
Output 
short-circuit 
current* 
VCC= 
5V 
Vo 
= OV 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs 
TTL. All outputs 
open. 
130 
180 
mA 


* 
Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 
t 
Typical. 
at 5.0 V VCC and 25°C 
T A' 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TYP 
53RS881A 
53RS881 
63RS881A 
63RS881 
UNIT 


MIN 
MAX 
MIN 
MAX 
~MIN 
MAX 
.MIN 
MAX 


tClK 
Clock 
to output 
Delay 
10 
20 
25 
15 
20 
ns 


tESA 
Clock 
to output 
access 
time (ES) 
18 
30 
35 
25,. 
30 
ns 


tESR 
Clock 
to output 
recovery 
time (ES) 
17 
30 
35 
25 
30 
ns 


tEA 
Enable 
to output 
access 
time 
(E) 
18 
30 
35 
25 
30 
n~ 


tER 
Disable 
to output 
recovery 
time 
(E) 
17 
30 
35 
25 
30 
ns 
El 


A 
r~_·,tl'..,i··'l------ 
ES_/-f.- 
.~ 
~"7 


·SIES) 
thlES) 
I 
I 


I 
I 


f--teR-1 
1-1EA--! 


-VOH 
-O.5V 


-VOL 
+O.5V 


NOTES: 
,. 
Input pulse amplitude 
0 V to 3.0 V. 


2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 


3. Input access measured 
at the 1.5 V level. 


4. tAA is tested with switch 
81 closed. 
CL = 30 pF and measured 
at 1.5 V output 
level. 


5. tEA and tESA are measured 
at the '.5 V output 
level with CL = 30 pF. S, is open for high impedance 
to ••, ••test and closed 
for high 
impedance 
to "0" test. 


tER and tEA are measured. 
CL = 5 pF. S, is open for ••, ••to high impedance 
tes., measured 
at VOH -0.5 V output 
level; S1 Is closed 
for"rr 
to 
high impedance 
test measured 
at VOL + 0.5 V output 
level. 


with Asynchronous Enable 


Description 


The 53/63RA1681 and 53/63RA1681A are 2Kx8 PROMs with 
on-chip "D"-type registers. Output enable control through an 
asynchronous enable input and flexible start up sequencing 
through programmable initialization words. 


Data is transferred into the output registers on the rising edge of 
the clock. Provided that the asynchronous enable (E) is low, the 
data will appear at the outputs. Prior to the positive clock edge, 
register data are not affected by changes in addressing. 


Memory expansion and data control 
is made flexible with 


asynchronous enable inputs. Outputs may be set to the high 
impedance state at any time by setting Eto a HIGH. 


The flexible initialization feature allows start up and time out 
sequencing with 1:16programmable words to be loaded into the 
output registers. With the synchronous 
INITIALIZE 
(IS) pin 


LOW, one of the 16 column words (A3-AO) will be set in the 
output registers independent of the row addresses (A9-A4). 
With all is column words (A3-AO) programmed to the same 
pattern, the IS function will be independent of both row and 
column addressing and may be used as a single pin control. 
With all is words programmed HIGH a PRESET function is 
performed. The unprogrammed state of IS words are LOW, 
presenting a CLEAR with is pin LOW. 


• Synchronous output enable 


• Edge-triggered "0" registers 


• Versatile 1:16 user programmable Initialization words 


• -a-blt-wlde In 24-pln SKINNYOIP® for high board density 


, Simplifies system t1mJng 


• Faster cycle times 


• 16 mA IOL output drive capability 


• Reliable titanium-tungsten 
fuses (TIW), with 


programming yields typically greater than 98% 


Applications 


• Microprogram control store 


• State sequencers 


• Next address generatlon 


• Mapping PROM 


• Programmable Logic Element (PLE'") 


11Inputs, 8 RegisteredOutputs, 2048product terms 


MEMORY 
---- 
PACKAGE 
PART NUMBER 


- 
- 
PERFORMANCE 


SIZE 
OFfGANIZATION 
PINS 
TYPE 
O°C to +75°C 
-55°C to +125°C 


24 
NS,JS, 
Enhanced 
63RA1681A 
53RA1681A 
16 K 
2048x8 
(28) 
W, 


r 
.r 
(NL),(L) 
Standard 
63RA1681 
53RA1681 


SKINNYD1FJ«1is a registered 
trademark 
of Monolithic 
Memories. 


PLE" is•.Irademarkof MonolithicMemories. 
TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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IIIonollthlc ~I!n 
MemorIes uun.u 


1 OF 128 
ROW 
DECODER 


12811128 
PROGRAMMABLE 
ARRAY 
IE] 


VCC 


A8 


A9 
AS AS A7 NCva: 
AS AS 
A10 
4 
3 
2 
1282726 


A4 
0 
A10 


2048x8 
A3 
is 


A2 
E 
ClK 
A1 
2048x8 
ClK 


AO 
NC 


NC 
07 


QO 
06 


05 
12 13 14 15 16 17 18 


04 
01 02 GNDNC03 
Q4 05 


Plastic Chip Carrier 
I-- 0.3 In.---l 


Operating 


Supply voltage Vee 
-0.5 V to 7 V 


Input voltage 
-1.5 V to 7 V 


Input current 
-30 mA to +5 mA 


Off-state output voltage 
-0.5 V to 5.5 V 


Storage temperature 
: .. -65°C to +150oe 


Programming 


.................... 
12V 


...................... 
7 V 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TYpt 
3RA1681A 53RA1681 
3RA1681A 63RA1681 
UNIT 


MIN 
MAX MIN 
MAX MIN 
MAX MIN 
MAX 


tw 
Width of clock (high or low) 
10 
20 
20 
20 
20 
ns 


ts(A) 
Setup time from address to clock 
28 
40 
45 
35 
40 
ns 


ts(IS) 
Setup time from IS to clock 
t 
20 
30 
35 
25 
30 
ns 


th(A) 
Hold time address to clock 
., 
-5 
0 
0 
0 
0 
ns 


th(IS) 
Hold time (IS) 
I 
-5 
0 
0 
0 
0 
ns 


Vee 
Supply voltage 
5 
4.5 
5.5 
4.5 
5.5 
4.75 5.25 
4.75 5.25 
V 


TA 
Operating free-air temperature 
25 
-55 
125 
-55 
125 
0 
75 
0 
75 
°e 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


Vil 
low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2.0 
V 


Vie 
Input clamp voltage 
Vee= 
MIN 
II 
= -18 mA 
-1.2 
V 


III 
low-level input current 
Vee= 
MAX 
VI 
= 0.4 V 
-0.25 
mA 


IIH 
High-level input current 
Vee = MAX 
VI 
= Vee MAX 
40 
JlA 


Val 
low-level output voltage 
Vee = MIN 
10l = 16mA 
0.5 
V 


VOH 
High-level output voltage 
Vee= 
MIN 
Com 10H = -3.2 mA 
2.4 
V 


Mil 10H = -2 mA 


10Zl 
Va = 0.4 V 
-40 


10ZH 
Off-state output current 
Vee = MAX 
JlA 


Va = 2.4 V 
40 


10S 
Output short-circuit current* 
Vee = 5V 
Va = 0 V 
-20 
-90 
mA 


Ice 
Supply current 
Vee = MAX. All inputs TTL. All outputs open. 
140 
185 
mA 


* 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


t 
Typicals 
a15.0 V VCC and 25"C T A- 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TYpt 
53RA1681A 
53RA1681 
63RA1681A 
63RA1681 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tClK 
Clock 
to output 
Delay 
10 
20 
25 
15 
20 
ns 


tEA 
Enable to output 
access time 
(E) 
15 
30 
35 
25 
30 
ns 


tER 
Disable 
to output 
recovery 
time 
(E) 
15 
30 
35 
25 
30 
ns 


A 
r~_·,tf~,r"]------ 


! 
! 
f 
t- 


f--tER---j 
I--tEA----l 


Q 
)'\-VOH-O.5V 
ar 
------- 
_ 
.•._..•Z.••7 -V.OL +O.5V 
ill. 


Notes: 
1. Input pulse amplitute 
0 V to 3.0 V. 


2. Input 
rise and fall times 2-5 ns from 0.8 V to 2.0 V. 


3. Input access measured 
at the 1.5 V level. 


4. SWitch 81 is closed. 
CL = 30 pF and outputs 
measured 
at 1.5 V output 
level for all tests except 
tesA 
and teSR. 


5. tEA and tE5A are measured 
at the 1.5 V output 
level with CL = 30 pF. 51 is open for high impedance 
to "I" 
test, and closed 
for high 
irPedance to "0" test. 


teR and tE5R are tested with CL = 5 pF. 51 is open for "I" 
to high impedance 
test, measured 
at VOH -0.5 V output 
level; 51 is closed 
for "0" to 
h'gh 
impedance 
test measured 
at VOL +0.5 V outpuJ level. 


2048x8 
Registered 
PROM 


with Synchronous Enable 


53/63RS1681 
53/63RS1681A 


• Synchronous output enable 


• Edge-triggered "D" registers 


• Versatile 1:16 user programmable Initialization words 


• 8-blt-wlde In 24-pln SKINNYDIP® for high board density 


• Simplifies system timing 


• Faster cycle times 


• 16 mA IOL output drive capability 


• Reliable titanium-tungsten 
fuses (TIW),with 


programming yields typically greater than 98% 


Applications 


• Microprogram control store 


• State sequencers 


• Next addrell 
generation 


• Mapping PROM 


• Programmable Logic Element (PLE'") 


11Inputs, 8RegisteredOutputs, 2048product terms 


Description 


The 53/63RS1681 and 53/63RS1681A are 2Kx8 PROMs with 
on-chip 
"D" type registers, versatile output 
enable control 


through synchronous enable inputs and flexible start up sequen- 
cing through programmable initialization words. 


Data is transferred into the output registers on the rising edge of 
the clock. Provided that the synchronous (ES) enable is LOW. 
the data will appear at the outputs. Prior to the positive clock 
edge. register data are not affected by changes in addressing or 
synchronous enable inputs. 


Memory expansion and data control is made flexible with syn- 
chronous enable inputs. Outputs may be set to the high impe- 
dance state by setting ES HIGH before the rising clock edge 
occurs. When VCC power is first applied the synchronous ena- 
ble flip-flop will be in the set condition causing the outputs to be 
in the high impedance state. 


The flexible initialization feature allows start up and time out 
sequencing with 1:16programmable words to be loaded into the 
output registers. With the synchronous 
INITIALIZE (IS) pin 


LOW. one of the 16 column words (A3-AO) will be set in the 
output r~isters 
independent of the row addresses (A10-A4). 


With all IS column words (A3-AO) programmed to the same 
pattern. the IS function will be independent of both row and 
column addressing and may be used as a single pin control. 
With allIS 
words programmed HIGH a PRESET function is 


performed. The unprogrammed state of is words are LOW. 
presenting a CLEAR with IS pin LOW. 


MEMORY 
PACKAGE 
PART NUMBER 


PERFORMANCE 


SIZE 
ORGANIZATION 
PINS 
TYPE 
O°C to +75°C 
-55°C to +125°C 


24 
NS.JS. 
Enhanced 
63RS1681A 
53RS1681A 
16 K 
2048x8 
(28) 
W. 


(NL),(L) 
Standard 
63RS1681 
53RS1681 


SKINNYDIP\I!I 
is a registered 
trademark 
of Monolithic 
Memories. 
PLE'"isatrademarkof MonolithicMemories. 
TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara. CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
3·50 
Wlonolllhic ~I!n 
Wlemorles 
In.IlW 


1 OF 128 
ROW 
DECODER 


128><128 
PROGRAMMABLE 
ARRAY 


1 OF 16 
COLUMN 
DECODER 


VCC 


AS AS A7 NCVCC AS /IS 


A9 
4 
3 
2 
1282726 


A10 
A4 
0 
A10 


A3 
is 


2048x8 
A2 
ES 


A1 
2048x8 
ClK 


AO 
NC 


NC 
Q7 
Q7 
QO 
Q6 


Q6 
12 13 14 15 16 17 18 


Q1 Q2GNDNCQ3 
Q4 Q5 


PIBstic 
Chip 
Carrier 


I-- 0.3 In. ---j 


IE] 


Programming 


.................... 
12 V 


...................... 
7V 


Operating 


Supply voltage VCC ................................................•........... 
-0.5 V to 7 V 


Input voltage .........................................................•......... 
-1.5 V to 7 V 


Input current 
-30 mA to +5 mA 


Off-state output voltage ....................................•.................. 
-0.5 V to 5.5 V 


Storage temperature 
-65·C to +150·C 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TYPt 
3RS1681A 
53RS1681 
3RS1681A 
63RS1681 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tw 
Width of clock (high or low) 
10 
20 
20 
20 
20 
ns 


ts(A) 
Setup time from address to clock 
28 
40 
45 
35 
40 
ns 


ts(ES) 
Setup time from ES to clock 
7 
15 
15 
15 
15 
ns 


ts(IS) 
Setup time from IS to clock 
20 
30 
35 
25 
30 
ns 


th(A) 
Hold time address to clock 
-5 
0 
0 
0 
0 
ns 


th(ES) 
Hold time (ES) 
-3 
5 
5 
5 
5 
ns 


th(IS) 
Hold time (IS) 
-5 
0 
0 
0 
0 
ns 


VCC 
Supply voltage 
5 
4.5 
5.5 
4.5 
5.5 
4.75 5.25 
4.75 5.25 
V 


TA 
Operating free-air temperature 
25 
-55 
125 
-55 
125 
0 
75 
0 
75 
·C 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2.0 
V 


VIC 
Input clamp voltage 
VCC= MIN 
II 
= -18 mA 
-1.2 
V 


IlL 
Low-level input current 
VCC = MAX 
VI 
= 0.4 V 
-0.25 
mA 


IIH 
High-level input current 
VCC = MAX 
VI 
= VCC MAX 
40 
p.A 


VOL 
Low-level output voltage 
VCC= MIN 
10L = 16mA 
0.5 
V 


VOH 
High-level output voltage 
VCC= MIN 
Com 'OH = -3.2 mA 
2.4 
V 


Mil 10H = -2 mA 


10ZL 
VO=0.4V 
-40 


10ZH 
Off-state output current 
VCC = MAX 
p.A 


Vo = 2.4 V 
40 


10S 
Output short-circuit current* 
VCC= 5V 
Vo = OV 
-20 
-90 
mA 


ICC 
Supply current 
VCC = MAX. All inputs TTL. All outputs open. 
140 
185 
mA 
* 
Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


t 
Typicals 
at 5.0 V VCC and 25· eTA' 


53/63RS1681 
53/63RS1681A 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TYPt 
53RS1681A 
53RS1681 
63RS1681A 
63RS1681 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tCLK 
Clock 
to output 
Delay 
10 
20 
25 
15 
20 
ns 


tESA 
Clock 
to output 
access 
time 
(ES) 
15 
30 
35 
25 
30 
ns 


tESR 
Clock 
to output 
recovery 
time 
(ES) 
15 
30 
35 
25 
30 
ns 


Notes: 
,. 
I Iput pulse amplitute 
0 V to 3.0 V. 


2. l'1put rise and fall times 2-5 ns from 0.8 V to 2.0 V. 


3. Input access measured 
at the 1.5 V level. 


4. Switch 
8, 
is closed. 
CL = 30 pF and outputs 
measured 
at 1.5 V output 
level for all tests except 
IESA and IESR· 


5. tEA and IESA are measured 
at the 1.5 V output 
level with CL = 30 pF. 81 is open for high impedance 
to "1" test, and closed 
for high 
impedance 
to "0" test. 


IER and IESR are tested with CL = 5 pF. 81 is open for "1" to high impedance 
test. measured 
at VOH -0.5 V output 
level; 51 is closed 
for "0" to 
high impedance 
test measured 
at VOL +0.5 V output 
leve1. 


VCC 
)51 
:rl 


R 


1 
3000 


OUTPUT 


R2 


CL ~ 
-= 6000 


(mmmXXXl 
DON'T CARE; 


...mxxxxxxxw_ 
CHANGE 
PERMITTED 


Monolithic mMemories 


VCC 
)Sl 
:rl 


R 


1 
3000 


IOUTPUT 


R2 


CL~ 
.".6000 


WAVEFORM 
INPUTS 
OUTPUTS 


~ 


DONTCARE; 
CHANGING; 


CHANGE 
PERMITTED 
STATE UNKNOWN 


11) <K 


NOT 
CENTER LINE IS 
EJ 
APPLICABLE 
HIGH IMPEDANCE 
STATE 


MUST BE STEADY 
WILL BE STEADY 


1024x4 
Diagnostic 
Registered PROM 
Enables and Output Initialization 


53/63DA441 
53/63DA442 


• 
Programmable asynchronous output initialization 


• Three-state outputs with two enables 


• 
Provides system diagnostic testing with system 
controllability 
and observablllty 


• Shadow register eliminates shifting hazards 


• 
Edge-triggered "0" registers simplifies system timing 


• 
Cascadable for wide control words used In 
microprogramming 


• 24-pln SKINNYOIP<lllpackage saves space 


• 24-mA output drive capability 


• 
Replaces embedded diagnostic code 


• Guaranteed programming yields of greater than 98'10 


Applications 


• Microprogram control store with built-In 


system diagnostic testing 


• serial character generator 


• serial code converter 


• Parallel In/serial out memory 


• Cost-effective board testing 


Description 


The 53/630A441 
and 53/630A442 
are 1Kx4 PROMs with 


registered outputs, programmable asynchronous initialization, 
three-state outputs with two enables and a shadow register for 
diagnostic capabilities. 


Shadow register diagnostics allow observation and control of 
the system without introducing intermediate illegal states. The 
output register, which can receive parallel data from either the 
PROMarray or the shadow register is loaded on the rising edge 
of ClK. The shadow register, which can receive parallel data 
from the output register or serial data from SOl, is loaded on the 
rising edge of OClK. When the output drivers are disabled, the 
shadow register receives its parallel data from the output bus. 


Ouring diagnostics, data loaded into the output register from the 
PROMarray can be parallel-loaded into the shadow register and 
serially shifted out through SOO, allowing observation of the 
system. Similarly, diagnostic data can be serially shifted into the 
shadow register through 
SOl, and parallel-loaded 
into the 
output 
register, allowing 
control 
and test scanning to be 


imposed on the system. Since the output register and the 
shadow register are loaded by different input signals, they can 
be operated independently of one another. In addition, diagnos- 
tic PROMs can be cascaded to construct wide control words 
used in microprogramming. 


When exercised, the initialization input loads the output register 
with a user-programmable initialization word, independent of 
the state of ClK. This features is a superset of preset and clear 
functions, and can be used to generate an arbitrary microin- 
struction for system reset or interrupt. 


The distinguishing 
feature between the 53/630A441 and 53/ 


630A442 is on the output enable structure. The 53/630A441 has 
two asynchronous output enables, E1 and E2. Outputs will be 
enabled when both E1 and E2 are lOW. The 53/630A442 has 
one asynchronous output enable Eand one synchronous out- 
put enable ES. Outputs will be enabled if ES is lOW during the 
last rising edge of ClK and E is lOW. 


MEMORY 
PACKAGE 
PART NUMBER 


SIZE 
ORGANIZATION 
OPTIONS 
PINS 
TYPE 
MILITARY 
COMMERCIAL 


Two asynchronous 
enables 
530A441 
630A441 


4K 
1024x4 
24 
NS,JS,W, 


One synchronous 
enable, 
(28) 
(Nl),(l) 
530A442 
630A442 
one asynchronous 
enable 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 TWX: 910-338-2374 
3·56 


Monolllhlcm 
Memories 


f 


ClK 
ClK 


E1 
ES 


E2 
E 


03-00 
03-00 


53/63DA441 


AS At> A7 NCIICCAB 
A9 


Logic SYibolS 


4 
3 
2 
1282726 


A4 
0 
E1 


A3 
E2 


53/63DA441 
A2 
T 
53/63DA442 


A1 
1024.4 
00 


AO 
NC 


NC 
01 


MODE 
02 


OCLK 
GND 
CLK 
Q3 
SOl 
NC 
soo 


Plastic 
Chip 
Carrier 


53/63DA442 


AS At> A7 NCIICCAB 
A9 


4 
3 
2 
1282726 


A4 
0 
E 


A3 
ES 


A2 
T 
DClK 


A1 
1024.4 
QO 


AO 
NC 


GND 
GND 
NC 
01 


I--o.~ 
In.-1 


MODE 
02 
1--0.3In.-1 


OCLK 
GND 
CLK 
Q3 
SOl 
NC 
soo 


Plastic 
Chip 
Carrier 


Monolithic W Memories 
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53/63DA441 


Ag-Ao 
• 


53/63DA442 


Ag-Ao 
• 


INPUTS 
OUTPUTS 
OPERATION 
MODE 
SDI 
CLK 
DCLK 
03-00 
53-SO 
SDO 


L 
X 
t 
* 
On- 
PROM 
HOLD 
S3 
Load output register from PROM array 


* 


Sn- 
Sn-1 


L 
X 
t 
HOLD 
S3 
Shift shadow register data 
SO- 
SOl 


Sn - 
Sn-1 
Load output register from PROM array 
L 
X 
t 
t 
On- 
PROM 
S3 
SO- 
SOl 
while shifting shadow register data 


H 
X 
t 
* 
On- 
Sn 
HOLD 
SOl 
Load output register from shadow register 


H 
L 
* 
t 
HOLD 
Sn- 
On 
SOl 
Load shadow register from output bus 


H 
H 
* 
t 
HOLD 
HOLD 
SOl 
No operationt 


* Clock must be steady or falling. 
t 
Reserved operation for SN54174SB18 a-Bit Diagnostic Register. 


Definition 
of Signals 


MODE 
The MODE pin controls the output register multi- 
plexer and the shadow register. When MODE is 
LOW,the output register receives data from the 
PROM array and the shadow register is config- 
ured asashift register with SOl asits input. When 
MODE is HIGH, the output register receives data 
from the shadow register. The shadow register is 
controlled by SOl as well as MODE With MODE 
HIGH and SOl LOW, the shadow register re- 
ceives parallel data from the output bus. With 
MODE and SOl both HIGH, the shadow register 
holds its present data. 


SOl 
The serial Data In pin is the input to the least- 
significant bit of the shadow register when oper- 
ating in the shift mode. SOl isalso a control input 
to the shadow register when it is not in the shift 
mode. 


The serial Data Out pin is the output from the 
most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is not in the shift mode, SOOdisplays the 
logic level present at SOl, decreasing serial shift 
time for cascaded diagnostic PROMs. 


The clock pin loads the output register on the 
rising edge of CLK. 


The diagnostic clock pin loads or shifts the 
shadow register on the rising edge of OCLK. 


On represents the data outputs of the output 
register. During a shadow register load with out- 
puts enabled, these pins are the internal data 
inputs to the shadow register. With the outputs 
three-stated, these pins are external data inputs 
to the shadow register. 


Sn represents the internal shadow register out- 
puts. 


An represents the address inputs to the PROM 
array. 


These Output Enable pints) operate independ- 
ent of CLK. For '0441 ,outputs are enabled if, and 
only if, both E1 and E2 are LOW. For '0442, 
outputs are enabled only when ES is LOW at the 
last rising edge of CLK and E is LOW. 


Synchronous Output Enable for 'OA442 only. 
Outputs are enabled only when ESis LOW at the 
last rising edge of CLK and Eis LOW. 


The asynchronous output register initialization 
input pin operates independent of CLK. WhenTis 
LOW, the output register is loaded with a user- 
programmable initialization word. Programmable 
initialization is a super set of preset and clear 
functions, and can be used to generate any 
microinstruction system reset or interrupt. 


53/63DA441 
1024x4 Diagnostic PROM 


with Asynchronous Initialization 
and Asynchronous Enables 


AS 


A4 
1024x4 
E1 
PROM 


A3 
E2 


030201 
DO 


A2 
I 


A1 
QO 


AO 
01 


53/63DA442 
1024x4 
Diagnostic PROM 
with Asynchronous Initialization 
and Both Asynchronous and Synchronous Enables 


AS 
A9 


1024x4 
E 
A4 
PROM 


A3 
ES 


03020100 


A2 
•• 


Operating 
Programming 
Supply 
voltage 
VCC 
00. 000. 00. 0. 0000 
0 
000 
000 
000 
00. 0. 0000 -0.5 V to 7 V 
0000000 
0.12 V 
Input voltage 
to 000.. 00. 0 
0000 
00 
00.. o. 000 
00000.. 000 
00.. 00. 00 -1.5 V to 7 V 
0.. 000 
00.0 
0.. 7 V 
Input 
current 
O' 
• 000.0.0.00000000 
0000.000 
0. 0.00.00 .. 0. 000.0000 
00000 -30 
mA to +5 mA 


Off-state 
outp1ut voltage 
. 0.. 0000 
0000.. 0.. 00 
0000 
0000. 0000 
000.• 0. 0-0.5 V to 5.5 V 
00.. 000. 00. 0 
012 V 
Storage 
temperature 
.... 
0.00.00 
0000.000 .. 0.. 0.0000 
00..... 
00 
0.0000.-65° 
to +150" C 


MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
25 
125 
0 
25 
75 
°c 


tw 
Width 
of ClK 
(HIGH 
or lOW) 
25 
10 
20 
10 
ns 


tsu 
Setup 
time from address 
to ClK 
45 
25 
35 
25 
ns 


th 
I Hold 
time 
for ClK 
0 
-15 
0 
-15 
ns 


tWd 
Width 
of OClK 
(HIGH 
or lOW) 
35 
15 
25 
15 
ns 


tsud 
Setup 
time from 
control 
inputs 
(SOl. MODE) 
to ClK, 
OClK 
50 
20 
40 
20 
ns 


thd 
Hold 
time 
for 
OClK 
0 
-5 
0 
-5 
ns 


ts(ES) 
Setup 
time 
from 
ES to ClK 
('OA442 
only) 
20 
10 
15 
10 
ns 


th(ES) 
Hold time (ES) ('OA442 
only) 
5 
0 
5 
0 
ns 


tiw 
Initialization 
pulse 
width 
(lOW) 
25 
10 
20 
10 
ns 


tir 
Initialization 
recovery 
time 
45 
30 
40 
30 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


Vil 
low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2.0 
V 


VIC 
Input 
clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-1.2 
V 


III 
low-level 
input 
current 
VCC = MAX 
VI 
= 0.4 V 
-0.25 
mA 


IIH 
High-level 
input 
current 
VCC = MAX 
VI 
= VCC MAX 
40 
!J.A 


Val 
low-level 
output 
voltage 
VCC= 
MIN 
Com 
10l 
= 24 mA 


0.5 
V 


Mil 10l 
= 16 mA 


I 
Com 
10H = -3.2 mA 


VOH 
High-level 
output 
voltage 
VCC= 
MIN 
2.4 
V 


MillOH 
= -2mA 


10Zl 
Va 
= 0.4 V 
-100 


10ZH 
Off-state 
output 
current 
VCC = MAX 
!J.A 
Va 
= 2.4 V 
40 


10S 
Output 
short-circuit 
current' 
VCC = MAX 
Va 
= 0 V 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs 
TTL. All outputs 
open . 
130 
180 
mA 


." 
Not more th81 one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


t 
Typicals 
at 5.0 V VCC and 25· eTA' 
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MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN TYPt 
MAX 
MIN TYPt 
MAX 


tClK 
ClK to output 
11 
25 
11 
18 
ns 


tER 
Disable time 
14 
30 
14 
25 
ns 


tEA 
Enable time 
16 
30 
16 
25 
ns 


tMAXD 
Maximum diagnostic clock frequency 
7 
20 
10 
20 
MHz 


tDS 
DClK to SDO delay (MODE = lOW) 
17 
35 
17 
30 
ns 


tss 
SDI to SDO delay (MODE = HIGH) 
16 
30 
16 
25 
ns 


tMS 
MODE to SDO delay 
14 
30 
14 
25 
ns 


tlQ 
Initialization 
to output delay 
22 
35 
22 
30 
ns 


tESR 
ClK to output disable time ('DA442 only) 
22 
35 
22 
30 
ns 


tESA 
ClK to output enable time ('DA442 only) 
15 
35 
15 
30 
ns 


Nonnal PROM Operation (Mode = LOW) 
(for both 53/63DA441 and 53/63DA442 with outputs enabled) 


53/63DA441 
53/63DA442 


A~~_r--~;}4-- _-_-_-_-- 


i1,E2 
1ft 


CLK-\-.-t=IW-+}_-IW_-~ 
_•• 
\ 
I 
I 


Q 


~ 
'I: 
ICLK 
*I, 
f-_IE~R_~I 


) 
: 
'\ VOH 
- O.5V 
_ 
!.. 1VOL +O.5V 


. 


LOAOOUTPUTREGISTER 
FROMPROMARRAY 


Nonna. PROM Operation (Mode = LOW) 
(for 53/63DA441 only withi = HIGH) 


:~'"I·;}4 


I 


Nonnal PROM Operation (Mode = LOW) 
(for 53/63DA442 only with f = HIGH) 


EJ 


r:\-\t \_-\_1_ 
I 
r- 


tw 


t 
W--1 
I 


I 
I 
I 


i 
\ 
~ 
i r 
l-;;;1 
I~ 


I 
LOAD OUTPUT 
REGISTER 
I 


FROM SHADOW REGISTER 


.O:~~II_ 
1- 
~thd~ 


eLK 
I 
I 
I 
=! 
I IF..=t="i \\ 


Q 
I 
I 
I 
I 


SDO~ 
I f b 
b 


J 
~. 
~ 
~~'--hTs' 


SHIFT DATA INTO SHADOW REGISTER 


LOAD OUTPUT 
REGISTER FROM 
PROM ARRAY 


2048x4 
Diagnostic 


Registered PROM 
with Asynchronous Enable and Output Initialization 


53DA841 
63DA841 


Features/Benefits 


• 
Asynchron\lus 
output enable 


• 
Programmable 
asynchronous 
output 
Initialization 


• 
Provides system diagnostic 
testing with system 


controllability 
and observablllty 


• 
Shadow 
register eliminates 
shifting 
hazards 


• 
Edge-triggered 
"0" registers simplifies 
system timing 


• 
Cascadable 
for wide control 
words used In 


microprogramming 


• 
24-pln 
SKINNYOIP<8 
saves space 
• 
Reliable 
titanium-tungsten 
fuses (TIW). 
with programming 


yields typically 
greater than 98% 


• 24-mA 
out~ut drive capability 


• 
Replaces 
embedded 
diagnostic 
code 


Applications 


• 
Microprogram 
control 
store with built-In 
system diagnostic 
testing 


• 
serial 
charllfter 
generator 


• 
serial 
code converter 


• 
Parallel 
In/serial 
out memory 


• 
Cost-effective 
board testing 


Description 


The 
53/630A841 
is a 2Kx4 
PROM 
with 
registered 
three-state 


outputs, 
programmable 
asynchronous 
initialization 
and a shadow 


register 
for diagnostic 
capabilities. 
Shadow 
register 
diagnostics 
allow 
observation 
and control 
of the system 
without 
introduc- 


ing intermediate 
illegal 
states. 
The output 
register, 
which 
can 
receive 
parallel 
data from 
either 
the PROM array or the shadow 


register 
is loaded 
on the rising edge of CLK. The shadow 
regis- 


ter, which 
can receive 
parallel 
data from 
the output 
register 
or 
serial data from SOl, is loaded on the rising edge of OCLK. When 
the output 
drivers 
are disabled, 
the shadow 
register 
receives 
its 


parallel 
data 
from 
the 
output 
bus. 
During 
diagnostics, 
data 
loaded 
into the output 
register 
from 
the PROM array can be par- 


allel-loaded 
into 
the shadow 
register 
and 
serially 
shifted 
out 
through 
SOO, 
allowing 
observation 
of the 
system. 
Similarly, 


diagnostic 
data can be serially 
shifted 
into the shadow 
register 
through 
SOl, and parallel-loaded 
into the output 
register, 
allow- 


ing control 
and 
test scanning 
to be imposed 
on the 
system. 


Since the output 
register 
and the shadow 
register 
are loaded 
by 


different 
input 
signals, 
they can be operated 
independently 
of 


one another. 
In addition, 
diagnostic 
PROMs can be cascaded 
to 
construct 
wide control 
words 
used in microprogramming. 
When 
exercised, 
the Initialization 
input 
loads the register 
with a user- 


programmable 
initialization 
word, 
independent 
of the state of 


CLK. This feature 
isa superset 
of preset and clear functions, 
and 


can be used to generate 
an arbitrary 
microinstruction 
for system 
reset or interrupt. 


MEMORY 
PACKAGE 
. 


PART NUMBER 


SIZE 
ORGANIZATION 
PINS 
TYPE 
O°C to +75°C 
-55°C 
to +125°C 


24 
NS,JS, 
8K 
2048x4 
(28) 
W, 
630A841 
530A841 


(NL),(L) 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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VCC 


AS 
AS IUl A7 NCVCC AS A9 


4 
3 
2 
1282726 
A9 
A4 
0 
A10 


A10 
A3 
E 


E 
A2 
T 


A1 
2048x4 
QO 


AO 
NC 


QO 
NC 
Q1 


MODE 
Q2 


01 
12 13 14 15 16 17 18 


DeLl< 
GND 
eLK 
Q3 


SOl 
NC 
SOO 
DCLK 


Plastic Chip Carrier 
GND 


INPUTS 
OUTPUTS 
1- 
OPERATION 
MODE 
501 
ClK 
DClK 
03-00 
53-SO 
500 


L 
X 
1 
* 
On - 
PROM 
HOLD 
S3 
Load output register from PROM array 


* 


Sn - 
Sn-1 


L 
X 
f 
HOLD 
S3 " 
Shift ~hadow register data 
SO- 
SOl 


Sn - 
Sn-1 
Load output register from PROM array 
L 
X 
f 
t 
On - 
PROM 
S3 
SO- 
SOl 
while shifting shadow register data 


H 
X 
f 
* 
On-Sn 
HOLD 
SOl 
Load oufput register from shadow register 


H 
L 
* 
I 
HOLD 
Sn-On 
SOl 
Load shadow register from output bus 


H 
H 
* 
I 
HOLD 
HOLD 
SOl 
No operation t 


* Clock must be steady or falling. 
t 
Reserved operation for SN54fl4S818 
a-Bit Diagnostic Register. 


The diagnostic .clock pin loads or shifts the 
shadbw register on the rising edge of DCLK. 
The MODE pin controls the output register mul- 
tiplexer and the shadow register. When MODE 
is LOW, the output register receives data from 
the PROM array and the shadow register is con- 
figured as a shift register with SOl as its input. 
When MODE is HIGH, the output register receives 
data from the shadow register. The shadow reg- 
ister is controlled by SOl as well as MODE. With 
MODE HIGH and SOl LOW, the shadow regis- 
ter receives parallel data from the output register. 
With MODE and SOl both HIGH, the shadow 
register holds its present data. 


The serial Data In pin is the input to the least 
significant 
bit of the shadow 
register when 


operating in the shift mode. SOl is also a control 
input to the shadow register when it is not in the 
shift mode. 


The serial Data Out pin is the output from the 
most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is not in the shift mode, SDO displays the 
logic level present at SOl, decreasing serial shift 
time for cascaded diagnostic PROMs. 


The asynchronous output register initialization 
input pin operates independent of CLK. When T is 
LOW, the output register is loaded with a user- 
programmable initialization word. Programmable 
initialization 
is a super-set of preset and clear 


functidns~ and can be used to generate any 
micr~in~trucfion for system reset or interrupt. 


On represents the data outputs of the output 
registerc During a shadow register load these 
. pins are the internal data inputs to the shadow 
register. 
• 


Sn represents 
the internal 
shadow 
register 


outputs. 


An represents the address inputs to the PROM 
array. 


.J 


The Output Enable pin operates independent of 
CLK. When E is LOW the outputs are enabled. 
When E isoHlGH, the outputs are in the high- 
impedance slate. 


The clock pin loads the output register on the 
rising edge of CLK. 


lEI 


2048 x 4 Diagnostic PROM 
with Asynchronous Enable 
and Output Initialization 


A9 


2048x4 
A10 
A4 
PROM 


A3 
E 


030201 
DO 


A2 
I 


A1 
00 


Q1 


Operating 
Programming 


Supply 
voltage 
VCC 
-0.5 V to 7 V 
12 V 
Input voltage 
........................•.......................................... 
-1.5 V to 7 V 
7 V 
Input current 
-30 mA to +5 mA 


Off-state 
output 
voltage 
-0.5 V to 5.5V 
12 V 
Storage 
temperature 
_650 to +lSOOC 


SYMBOL 
MILITARY 
COMMERCIAL 
PARAMETER 
MIN 
TYPt 
MAX 
MIN 
TYPt 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
25 
125 
0 
25 
75 
°c 


tw 
Width 
of CLK 
(HIGH 
or LOW) 
25 
10 
20 
10 
ns 


tsu 
Set up time 
from 
address 
to CLK 
45 
27 
40 
27 
ns 


th 
Hold 
time 
for CLK 
0 
-15 
0 
-15 
ns 


twd 
Width 
of DCLK 
(HIGH 
or LOW) 
45 
15 
40 
15 
ns 


tsud 
Set up time 
from 
control 
inputs 
(SDI. 
MODE) 
to CLK. 
DCLK 
50 
20 
45 
20 
ns 


thd 
Hold 
time 
for DCLK 
0 
-5 
0 
-5 
ns 


tiw 
linitialization 
pulse 
width 
(LOW) 
25 
10 
20 
10 
ns 


tir 
Initialization 
recovery 
time 
45 
30 
40 
30 
ns 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
,-ow-level 
input voltage 
0.8 
V 


VIH 
~igh-Ievel 
input voltage 
2.0 
V 


VIC 
Input 
clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-1.2 
V 


IlL 
Low-level 
input current 
VCC = MAX 
VI 
= 0.4 V 
-0.25 
mA 


IIH 
~igh-Ievel 
input current 
VCC = MAX 
VI 
= VCC 
MAX 
40 
IlA 


VOL 
Low-level 
output 
voltage 
VCC = MIN 
Com 
10L = 24 mA 
0.5 
V 


Mil 10L = 16 mA 


VOH 
righ-leVel 
output 
voltage 
VCC = MIN 
Com 
10H = -3.2 mA 
2.4 
V 
MillOH 
= -2 mA 


10ZL 
Va 
= 0.4 V 
-100 


10ZH 
Off-state 
output 
current 
VCC = MAX 
IlA 
Va 
= 2.4V 
40 


105 
Output 
short-circuit 
current" 
VCC = 5 V 
Va 
= 0 V 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs 
TTL. All outputs 
open. 
140 
185 
mA 


.• 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


t 
Typicals 
at S.OV VCC and 2S·C T A- 


EJI 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN TYPt 
MAX 
MIN TYPt 
MAX 
UNIT 


tClK 
ClK to output 
13 
25 
13 
20 
ns 


tER 
Enable time 
16 
30 
16 
25 
ns 


tEA 
Disable time 
16 
30 
16 
25 
ns 


tlQ 
Initialization to output delay 
23 
40 
23 
35 
ns 


fMAXD 
Maximum diagnostic clock frequency 
7 
18 
10 
18 
MHz 


tDS 
DClK to SDO delay (MODE = lOW) 
19 
35 
19 
30 
ns 


tss 
SDI to SDO delay (MODE = HIGH) 
16 
30 
16 
25 
ns 


tMS 
MODE to SDO delay 
14 
30 
14 
25 
ns 


¥-"-I--2f 
f 
t 
I 


'tw f 
~r 


T~_ I~ 


~"Q- 


I 


I 
INITIALIZE 
OUTPUT 
REGISTER 
I lOAD 
OUTPUT 
REGISTER I 
FROM PROM ARRAY 


M:, 
II 
- 
I 
I·-----'----~-'..~I 
r 
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I 


SHIFT DATA INTO SHADOW REGISTER 
I 
LOAD OUTPUT 
REGISTER 
I 


FROM SHADOW REGISTER 


LOAD OUTPUT 
REGISTER FROM 
PROM ARRAY 
I 


LOAD SHADOW 
I 
REGISTER FROM 
OUTPUT 
REGISTER 


SHIFT DATA OUT OF SHADOW 
REGISTER 
• 
I 


Asynchronous 
Enable 


• Asynchronous output enable 


• Provides system diagnostic testing for system 


controllability and observablllty 


• Shadow register eliminates shifting hazards 


• 
Edge-triggered 
"0" registers simplifies system timing 


• Casadable for wide control words used In 


microprogramming 


• 24-pln SKINNYDIP® saves space 


• 24-mA output drive capability 


• Replaces embedded diagnostic code 


Applications 


• Microprogram control store with built-in 


system diagnostic testing 


• Serial character generator 


• Serial code converter 


• Parallel In/serial out memory 


• Cost-ilffective board testing 


Description 


The 
53/6301641 
is a 4Kx4 
PROM 
with 
registered 
three-state 


outputs 
and 
a shadow 
register 
for 
diagnostic 
capabilities. 


Shadow 
register 
diagnostics 
allow 
observation 
and control 
of 


the system 
without 
introducing 
intermediate 
illegal 
states. 
The 
output 
register, 
which 
can receive 
parallel 
data from 
either 
the 


PROM 
array 
or the 
shadow 
register, 
is loaded 
on the 
rising 
edge of CLK. 
The shadow 
register, 
which 
can receive 
parallel 
data from 
the output 
register 
or serial data from 
SOl, is loaded 
on the rising 
edge of OCLK. 
When 
the output 
drivers 
are dis- 


abled, 
the shadow 
register 
receives 
its parallel 
data 
from 
the 
output 
bus. 
Ouring 
diagnostics, 
data 
loaded 
into 
the 
output 


register 
from 
the PROM array 
can be parallel-loaded 
into the 
shadow 
register 
and serially 
shifted 
out through 
SOO, allowing 
observation 
of the system. 
Similarly, 
diagnostic 
data 
can 
be 
serially 
shifted 
into the shadow 
register 
through 
SOl, and paral- 


lel-loaded 
into 
the 
output 
register, 
allowing 
control 
and 
test 


scanning 
to be imposed 
on the system. 
Since the output 
regis- 
ter and the shadow 
register 
are loaded 
by different 
input 
sig- 
nals, they can be operated 
independent 
of one another. 
In addi- 
tion, 
diagnostic 
PROMs 
can 
be cascaded 
to construct 
wide 


control 
words 
used in microprogramming. 


MEMORY 
PACKAGE 
PART NUMBER 


SIZE 
ORGANIZATION 
PINS 
TYPE 
aoc to +75°C 
-55°C 
to +125°C 


24 
NS,JS, 


16 K 
4096x4 
(28) 
W, 
6301641 
5301641 


(NL),(L) 


TWX: 
910-338-2376 


2175 Mission 
College 
Blvd. 
Santa 
Clara, 
CA 95054-1592 
Tel: (408) 970·9700 
TWX: 
910-338-2374 


3·72 


Monolithic ~T!n 
Memories uun.u 


VCC 


All 
AS M A7 NCIICCAIl 
A9 
A9 
4 
3 
2 
1 
282726 


A10 
A4 
0 
A10 


A11 
A3 
A11 


A2 
E 
E 
A1 
00 
4096x4 


QO 
AO 
NC 


NC 
01 
01 
MODE 
02 


02 


03 
DClK 
GND 
elK 
Q3 
SOl 
NC 
SDO 


SOO 


ClK 
Plastic Chip Carrier 


Ell 


INPUTS 
OUTPUTS 
OPERATION 
MODE 
501 
ClK 
DClK 
03-00 
53-SO 
500 


L 
X 
T 
* 
Qn- 
PROM 
HOLD 
S3 
Load output register from PROM array 


l 
X 
* 
T 
HOLD 
Sn- 
Sn-1 
S3 
Shift shadow register data 
SO- 
SOl 


L 
X 
T 
T 
Qn-PROM 
Sn - 
Sn-1 
S3 
Load output register from PROM array 


SO- 
SOl 
while shifting shadow register data 


H 
X 
T 
* 
Qn- 
Sn 
HOLD 
SOl 
Load output register from shadow register 


H 
L 
* 
T 
HOLD 
Sn- 
Qn 
SOl 
Load shadow register from output bus 


H 
H 
* 
T 
HOLD 
HOLD 
SOl 
No operationt 


* Clock must be steady or falling. 
t 
Reserved operation for SN54/74S818 
8-Bit Diagnostic Register. 


Definition of Signals 


MODE 
The MODE pin controls the output register mul- 
tiplexer and the shadow register. When MODE 
is LOW, the output register receives data from 
the PROM array and the shadow register is con- 
figured as a shift register with SOl as its input. 
When MODE is HIGH,the output registerreceives 
data from the shadow register. The shadow reg- 
ister is controlled by SOl as well as MODE. With 
MODE HIGH and SOl LOW, the shadow regis- 
ter receives parallel data from the output bus. 
With MODE and SOl both HIGH, the shadow reg- 
ister holds its present data. 


SOl 
The serial Data In pin is the input to the least 
significant 
bit of the shadow register when 


operating in the shift mode. SOl is also a control 
input to the shadow register when it is not in the 
shift mode. 


SOO 
The serial Data Out pin is the output from the 
most significant bit of the shadow register when 
operating in the shift mode. When the shadow 
register is not in the shift mode, SOOdisplays the 
logic level present at SOl, decreasing serial shift 
time for cascaded diagnostic PROMs. 


The CLOCK pin loads the output register on the 
rising edge of CLK. 


The diagnostic clock pin loads or shifts the 
shadow register on the rising edge of OCLK. 


Qn represents the data outputs of the output 
register. During a shadow register load with 
outputs enabled these pins are the internal data 
inputs to the shadow register. With the outputs 
three-stated these pins are external data inputs 
to the shadow register. 


Sn represents 
the internal 
shadow 
register 


outputs. 


An represents the address inputs to the PROM 
array. 


The Output Enable pin operates independent of 
CLK. When E is LOW the outputs are enabled. 
When E is HIGH, the outputs are in the high 
impedance state. 


4096x4 
Diagnostic PROM 
with Asynchronous Enable 


4096x4 
PROM 


uJ,n:IClu'ty 
r-IUYIGlltlIIIlIY 


Supply 
voltage 
VCC 
-0.5 V to 7 V 
12 V 


Input voltage 
-1.5 V to 7 V 
7 V 
Input 
Current 
-30 mA to +5 mA 


Off-state 
output 
voltage 
-0.5 V to 5.5 V 
12 V 


Storage 
temperature 
-65° to +150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
Typt 
MAX 
MIN Typt 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free air temperature 
-55 
25 
125 
0 
25 
75 
°c 


tw 
Width 
of ClK 
(HIGH 
or LOW) 
25 
10 
20 
10 
ns 


tsu 
Set up time 
from 
address 
to ClK 
45 
25 
40 
25 
ns 


th 
Hold 
time 
for ClK 
0 
-15 
0 
-15 
ns 


twd 
Width 
of DClK 
(HIGH 
or lOW) 
45 
15 
40 
15 
ns 


tsud 
Set up time 
from 
control 
inputs 
(SOl. 
MODE) 
to ClK. 
OClK 
50 
20 
45 
20 
ns 


thd 
Hold 
time 
for DClK 
0 
-5 
0 
-5 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


Vil 
low-level 
input voltage 
0.8 
V 


V1H 
High-level 
input voltage 
2.0 
V 


VIC 
Input clamp 
voltage 
VCC = MIN 
II 
= -18 mA 
-1.2 
V 


III 
low-level 
input current 
VCC = MAX 
VI 
= 0.4 V 
-0.25 
mA 


'IH 
High-level 
input current 
VCC = MAX 
VI 
= VCC MAX 
40 
fJ.A 


VOL 
low-level 
output 
voltage 
VCC = MIN 
Com 
10l 
= 24 mA 


0.5 
V 


MillOl 
= 16mA 


VOH 
High-level 
output 
voltage 
VCC = MIN 
Com 
10H = -3.2 mA 
2.4 
V 


MillOH 
= -2 mA 


10Zl 
Vo 
= 0.4 V 
-100 


10ZH 


Off-state 
output 
current 
VCC = MAX 
fJ.A 
VO=2.4V 
40 


10S 
Output 
short-circuit 
current' 
VCC = 5 V 
Vo 
= OV 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs 
TTL. All outputs 
open. 
140 
190 
mA 


* 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 
t 
Typicals 
at 5.0 V VCC and 250 eTA" 


MiliTARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN Typt 
MAX 
MIN Typt 
MAX 
UNIT 


tClK 
ClK to output 
11 
25 
11 
20 
ns 


tER 
,?isable time 
16 
30 
16 
25 
ns 


tEA 
Enable time 
16 
30 
16 
25 
ns 


fMAXO 
Maximum diagnostic clock frequency 
7 
18 
10 
18 
MHz 


tos 
OClK to SOO delay (MODE = LOW) 
17 
35 
17 
30 
ns 


tss 
SDI to SDO delay (MODE = HIGH) 
16 
30 
16 
25 
ns 


tMS 
MODE to SOO delay 
14 
30 
14 
25 
ns 


\. 
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I 
SHIFT DATA INTO SHADOW REGISTER 
I 
LOAD OUTPUT 
REGISTER 
FROM SHADOW REGISTER 


LOAD OUTPUT 
REGISTER FROM 
PROM ARRAY 


4096x4 
Diagnostic 
Registered PROM 
Output Initialization 


53DA1643 
63DA1643 


Description 


The 
53/630A 
1643 is a 4Kx4 
PROM 
with 
registered 
outputs, 


programmable 
asynchronous 
initialization, 
and a shadow 
reg- 


ister 
for 
diagnostic 
capabilities. 
Shadow 
register 
diagnostics 


allow 
observation 
and control 
of the system 
without 
introduc- 


ing intermediate 
illegal 
states. 
The output 
register, 
which 
can 


receive parallel 
data from 
either the PROM array or the shadow 


register 
is loaded 
on the rising 
edge of CLK. The shadow 
regis- 


ter, which 
can receive 
parallel 
data from 
the output 
register 
or 


serial 
data 
from 
SOl, 
is loaded 
on the 
rising 
edge 
of OCLK. 


During 
diagnostics, 
data 
loaded 
into the output 
register 
from 


the PROM array can be parallel-loaded 
into the shadow 
register 


and serially 
shifted 
out through 
500, 
allowing 
observation 
of 
the 
system. 
Similarly, 
diagnostic 
data 
can 
be serially 
shifted 


into the shadow 
register 
through 
SOl, and parallel-loaded 
into 


the output 
register, 
allowing 
control 
and test scanning 
to be 
imposed 
on 
the 
system. 
Since 
the 
output 
register 
and 
the 


shadow 
register 
are loaded 
by different 
input 
signals, 
they can 


be operated 
independently 
of one 
another. 
In addition, 
diag- 


nostic 
PROMs 
can 
be 
cascaded 
to 
construct 
wide 
control 


words 
used in microprogramming. 
When exercised, 
the Initiali- 


zation input loads the output 
register 
with a user-programmable 
initialization 
word, 
independent 
of the state of CLK. 
This fea- 


ture is a superset 
of preset and clear functions, 
and can be used 


to generate 
an arbitrary 
microinstruction 
for system 
reset 
or 


interrupt 


• 
Programmable 
asynchronous 
output 
initialization 


• 
Provides 
system 
diagnostic 
testing 
with system 


controllability 
and observability 


• 
Shadow 
register 
eliminates 
shifting 
hazards 


• 
Edge-triggered 
"0" 
registers 
simplifies 
system 
timing 


• 
Cascadable 
for wide control 
words 
used in 


microprogramming 


• 
24-pin 
SKINNYOIP® 
saves space 


• 
24-mA 
output 
drive capability 


• 
Replaces 
embedded 
diagnostic 
code 


Applications 


• 
Microprogram 
control 
store with 
built-in 


system 
diagnostic 
testing 


• 
Serial character 
generator 


• 
Serial code converter 


• 
Parallel 
in/serial 
out memory 


• 
Cost~ffective 
board 
testing 


MEMORY 
PACKAGE 
PART NUMBER 


SIZE 
ORGANIZATION 
PINS 
TYPE 
DOC to +75°C 
-55°C 
to +125°C 


24 
NS,JS, 
16K 
4096x4 
W, 
630Al643 
530Al643 
(28) 
(NL),(L) 


Monolithio I!t!n 
Memories 
Il1JlW 
3-79 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 


Ell 


VCC 


AS 
AS AS A7 NCVCCAS 
A9 


A9 
4 
3 
2 
1 
28 27 
26 


Al0 
A4 
0 
E1 


All 
A3 
E2 


A2 
T 


Al 
4096x4 
00 


00 
AO 
NC 


NC 
01 


MODE 
02 


12 
13 
14 
15 
16 
17 
18 


DClK 
GND 
CLJ( 
OJ 


SOl 
NC 
5DO 


INPUTS 
OUTPUTS 
OPERATION 
MODE 
501 
CLK 
OCLK 
03-00 
53-SO 
500 


L 
X 
I 
* 
an 
~ 
PROM 
HOLD 
S3 
Load output 
register 
from 
PROM array 
. 


L 
X 
* 
t 
HOLD 
Sn ~ 
Sn-1 
S3 
Shift shadow 
register 
data 
SO~ 
SOl 


L 
X 
I 
I 
On~PROM 
Sn ~ 
Sn-1 
S3 
Load output 
register 
from 
PROM array 


SO~ 
SOl 
while 
shifting 
shadow 
register 
data 


H 
X 
I 
* 
an 
~ 
Sn 
HOLD 
SOl 
Load output 
register 
from 
shadow 
register 


H 
L 
* 
I 
HOLD 
Sn ~ 
an 
SOl 
Load shadow 
register 
from 
output 
bus 


H 
H 
* 
I 
HOLD 
HOLD 
SOl 
No operationt 


* Clock must be steady or falling. 
t Reserved operation for SN54174S818 a-Bit Diagnostic Register. 


The MODE pin controls 
the output 
register mul- 


tiplexer 
and the shadow 
register. 
When MODE 


is LOW, the output 
register 
receives 
data from 


the PROM array and the shadow 
register is con- 


figured 
as a shift 
register 
with SOl as its input. 


When MODE is HIGH, the output register receives 
data from the shadow 
register. The shadow 
reg- 


ister is controlled 
by SOl as well as MODE. With 


MODE 
HIGH and SOl LOW, the shadow 
regis- 


\er receives parallel data from the output register. 
With 
MODE 
and SOl both 
HIGH, 
the shadow 


/egister 
holds its present data. 


The Serial 
Data In pin is the input 
to the least 


~ignificant 
bit 
of 
the 
shadow 
register 
when 


f 


Perating 
in the shift mode, SOl is also a control 


i put to the shadow 
register when it is not in the 
hift mode, 


The Serial 
Data Out pin is the output 
from 
the 


,\,ost significant 
bit of the shadow 
register when 


operating 
in the shift 
mode, When the shadow 


~egister is not in the shift mode, SOO displays the 
logic level present at SOl, decreasing 
serial shift 


time for cascaded 
diagnostic 
PROMs. 


The clock 
pin loads the output 
register 
on the 


rising edge of CLK, 


The 
diagnostic 
clock 
pin 
loads 
or 
shifts 
the 
shadow 
register on the rising edge of OCLK, 


an 
represents 
the data outputs 
of the output 


register, 
During 
a shadow 
register 
load these 


pins are the internal 
data inputs 
to the shadow 


register, 


Sn 
represents 
the 
internal 
shadow 
register 


outputs. 


An represents 
the address 
inputs to the PROM 


array. 


The asynchronous 
oulput 
register 
initialization 
input pin operates independent 
of CLK. When lis 


LOW, the output 
register 
is loaded 
with a user 


programmable 
initialization 
word, Programmable 


initialization 
is a super 
set of preset and clear 


functions, 
and 
can 
be used 
to 
generate 
any 


microinstruction 
for system reset or interrupt. 


4096x4 
Diagnostic 
PROM 


with Asynchronous 
Initialization 


AS 


A4 
4096x4 
PROM 


A3 


030201 
DO 


A2 
T 


Operating 
Programming 
Supply 
voltage 
VCC ............................................•........•....... 
-0.5 V to 7 V 
12 V 
Input voltage. 
, .................................•.....•.....•..•..•..•.......... 
-1.5 V to 7 V 
7 V 
Input current 
...................................•.....•..•..•..•..•..•...... 
-30 mA to +5 mA 


Off-state 
output 
voltage 
.........................•..•..•..•..•..•..•..•......... 
-0.5 V to 5.5 V 
12 V 
Storage 
temperature 
.........................•..•..•..•..•..•................. 
-65° 
to +1500C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYPt MAX 
MIN 
TYPt MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
25 
125 
0 
25 
75 
°c 


tw 
[Width 
of ClK 
(HIGH 
or lOW) 
25 
10 
20 
10 
ns 


tsu 
Set up time 
from 
address 
to ClK 
45 
25 
40 
25 
ns 


th 
Hold 
time 
for ClK 
0 
-15 
0 
-15 
ns 


twd 
Widttl0f 
OClK 
(HIGH 
or lOW) 
45 
15 
40 
15 
ns 


tsud 
Set up time 
from 
control 
inputs 
(SOl, 
MODE) 
to ClK, 
DClK 
50 
20 
45 
20 
ns 


thd 
Hold 
time 
for 
OClK 
0 
-5 
0 
-5 
ns 


tiw 
linitialization 
pulse 
width 
(lOW) 
25 
10 
20 
10 
ns 


tir 
Initialization 
recovery 
time 
45 
25 
40 
25 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


Vil 
low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2.0 
V 


VIC 
Input 
clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-1.2 
V 


III 
low-level 
input current 
VCC = MAX 
VI 
= 0.4V 
-0.25 
mA 


IIH 
r;igh-Ievel 
input 
current 
VCC= 
MAX 
VI 
= VCC MAX 
40 
p.A 


Val 
Low-level 
output 
voltage 
VCC = MIN 
Com 
10l 
= 24 mA 


0.5 
V 


Mil 10l 
= 16 mA 


VOH 
righ-leVel 
output 
voltage 
VCC = MIN 
Com 
10H = -3.2 mA 
2.4 
V 


MillOH 
= -2mA 


105 
Output 
short-circuit 
current* 
VCC = MAX 
Va 
= OV 
-20 
-90 
mA 


ICC 
Supply 
current 
VCC = MAX. All inputs 
TTL. All outputs 
open. 
140 
190 
mA 


• 
Not.more than Fne output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 
t 
Typlcals 
at 5.0 V VCC and 25° eTA' 


EJI 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
Typt 
MAX 
MIN 
Typt 
MAX 


tClK 
CLK to output 
11 
25 
11 
20 
ns 


tlQ 
Initialization 
to output 
delay 
23 
40 
23 
35 
ns 


fMAXD 
Maximum 
diagnostic 
clock 
frequency 
7 
18 
10 
18 
MHz 


tDS 
DCLK to SDa 
delay 
(MODE 
= LOW) 
17 
35 
17 
30 
ns 


tss 
SOl to SDa delay (MODE = HIGH) 
16 
30 
16 
25 
ns 


tMS 
MODE to SDa 
delay 
14 
30 
14 
25 
ns 


.O::\~ll_ 
~ 
I 


I' 
f~_lhd-t 
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r 
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I 
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SHIFT DATA INTO SHADOW 
REGISTER 
I 
LOAD OUTPUT 
REGISTER 
I 
FROM SHADOW 
REGISTER 


LOAO OUTPUT 
REGISTER FROM 
PROM ARRAY 


Source 
Data 1/0 Corp. 
Kontron Electronlca Inc. 
Stag Mlcroayatema Inc. 
Dlgelec Inc. 
Varix Corp. 


and 
10525 Wlllowa Rd. N.E. 
1230 Charleston Rd. 
528-5 Weddell Dr. 
1602 Lawrenca Ave. 
1210 E. Campbell Rd. 


Location 
P.O. Box 97046 
Mountain View 
Sunnyvale 
Suite 113 
Suite 100 
Redmond 
CA94039 
CA94089 
Ocean 
Richardson 
WA 98073-9746 
NJOn12 
TX 75081 


Programmer 
Model 19/29A129B 
Model MPP-80S 
Model PPX 
UP803 
OMNI 
Model(a) 
Model PPZ 


MMI Generic 
UniPak 
Rev 10 
MOD16 
Zm2000 
FAM Mod. No. 12 
Bipolar PROM 
UniPak II 
Rev 07 
Personality 
(Not all PROMs are 
Module 
supported by earlier 
UniPak revisions) 


Socket Adapter(a) 
and Devlca Code 


63S080/81 
F18 P02 
SA3 
AMll0-2 
DA No.2 Pinout lA 
63S080 
Model22A 
- 
Code 21 
Switch Pos. 0-7 
63S081 
Adapter 351A-<l64 
(63S080) 
Switch Pos. 0-6 
(63S081) 


63S140/41 
F18 POl 
SM-2 
AM13O-2 
DA No.1 Pinout 1B 
635140 
Model 22A- 
Code 21 
Switch Pos. 0-7 
63S141 
Adapter 351A-D64 
(63S140) 
Switch Pos. 0-6 
(63S141) 


63S240/41 
F18 P03 
SA4-1 
AM130-3 
DA NO.1 Pinout 10 
63S240 
Model22A 
- 
Code 21 
Switch Pos. 2-15 
63S241 
Adapter 351A-<l64 
(63S240) 
Switch Pos. 2-14 
(63S241) 


63S280/81 
F18 P08 
SA6-1 
Code 21 
t 
63S280 
Model22A 
- 
63S281 


Adapter 351A-D64 


638440/41 
F18 P05 
SM 
AM14O-2 
DA No.3 Pinout lE 
635440 


Model22A 
- 
Code 21 
Switch Pos. 0-7 
635441 


Adapter 351A-<l64 
(63S440) 
Switch Pos. 0-6 
(63S441) 


638480/81 
F18 P09 
SA6 
Code 21 
t 
63S480 
Model22A 
- 
63S481 
Adapter 351A-<l64 


63RA481 
FEC P65 
SA31-2 
Code 21 
Pinout lH 
63RA481 
Model22A 
- 
Switch Pos. 5-14 
Adapter 351A-D74 


63DA441/42 
FAA PAC 
t 
t 
t 
t 


Adapter 351A-D73 


638841 
F18 P06 
SM-4 
AM 140-3 
DA NO.3 Pinout 1L 
63S641 
Model 22A- 
Code 21 
Switch Pos. 5-15 
Adapter 351A-<l64 
(63S640) 
Switch Pos. 5-14 
(63S641) 


63RS881 
F18 P86 
t 
Code 21 
DA No. 64 
63RS881 
Model22A 
- 
Switch Pos. 0-12 
Adapter 351A-D74 
(300 mil pkg) 


Monolithic W Memories 


Source 
Data I/O Corp. 
Kontron Electronics Inc. 
Stag Mlcrosystems 
Inc. 
Dlgelec Inc. 
Varix Corp. 
and 
10525 Willows Rd. N.E. 
1230 Charleston Rd. 
528-5 Weddell Dr. 
1602 Lawrence Ave. 
1210 E. Campbell Rd. 
Location 
P.O. Box 97046 
Mountain View 
Sunnyvale 
Suite 113 
Suite 100 
Redmond 
CA94039 
CA 94089 
Ocean 
Richardson 
WA 98073-9746 
NJ 07712 
TX 75081 


Programmer 
Model 19/29A1298 
Model MPP-80S 
Model PPX 
UP803 
OMNI 


Model(s) 
Model PPZ 


MMI Generic 
UniPak 
Rev 10 
MOD16 
Zm 2000 
FAM Mod. No. 12 


Bipolar PROM 
UniPak II 
Rev 07 
Personality 
(Not all PROMs are 
Module 
supported by earlier 
UniPak revisions) 


Socket Adapter(s) 
and Device Cokte 


63DA841 
FAA PAD 
t 
t 
t 
t 
Adapter 351A-Q73 


63S1641 
F18 P53 
SA20 
AM 120-6 
DA No. 70 
63S1641 


Model22A 
- 
Code 21 
Switch Pos. 4-12 


Adapter 351A-Q64 


63S1681 
F18 P21 
SA5-4 
AM 100-5 
DA No.7 
63S1681 
Code 21 


63RA1681 
F18 PA3 
t 
Code 21 
DANo.64 
63RA1681 
63RS1681 
63RS1681 


6301641 
F82 P8a 
t 
Code 21 
t 
63D1641 


Adapter 351A-Q73 


63DA1643 
FAA P87 
t 
t 
t 
t 


I Adapter 351A-Q73 


63S3281 
F18 P63 
t 
Code 21 
DA No. 64 Pinout 47 
63S3281 
Switch Pos. 0-4 


Contact manu acturer for availability 
and programming 
information. 
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TEMP. 
PLE 
INPUTS 
OUTPUTS 
OUTPUT 
MEMORY 
PROM 
PACKAGE 
RANGE 
NUMBER 
TYPE 
SIZE 
NUMBER 


PLE5P8C 
5 
8 
Three-State 
32 x 8 
63S081 
16N,J,(20),(NL) 


PLE5P8AC 
5 
8 
Three-State 
32 x 8 
63S081A 
16N,J,(20),(NL) 


PLE8P4C 
8 
4 
Three-State 
256 x 4 
63S141A 
16N,J,(20),(NL) 


PLE8P8C 
8 
8 
Three-State 
256 x 8 
63S281A 
20N,J,NL 


PLE9P4C 
9 
4 
Three-State 
512 x 4 
63S241A 
16N,J,(20),(NL) 


PLE9P8C 
9 
8 
Three-State 
512 x 8 
63S4S1A 
20N,J,NL 


PLE10P4C 
10 
4 
Three-State 
1024 x 4 
63S441A 
18N,J,(20),(NL) 


PLE10P8C 
10 
8 
Three-State 
1024 x 8 
63S881A 
24N,J,NS,JS, (28),(NL) 


Com. 


PLE11P4C 
11 
4 
Three-State 
2048 x 4 
63S841A 
18N,J,(20),(NL) 


PLE11P8C 
11 
8 
Three-State 
2048 x 8 
63S1681A 
24N,J,NS,JS, (28),(NL) 


PLE12P4C 
12 
4 
Three-State 
4096 x 4 
63S1641A 
20N,J,NL 


PLE12P8C 
12 
8 
Three-State 
4096 x 8 
63S3281A 
24N,J,(28),(NL) 


PLE9R8C 
9 
8 
Register 
512 x 8 
63RA481A 
24NS,JS,(28),(NL) 


PLE10R8C 
10 
8 
Register 
1024 x 8 
63RS881A 
24NS,JS,(28),(NL) 


PLE11RA8C 
11 
8 
Register 
2048 x 8 
63RA1681A 
24NS,JS,(28),(NL) 


PLE11RS8C 
11 
8 
Register 
2048 x 8 
63RS1681A 
24NS,JS,(28),(NL) 


PLE5P8M 
5 
8 
Three-State 
32 x 8 
53S081 
16J,W,(20),(L) 


PLE8P4M 
8 
4 
Three-State 
256 x 4 
53S141A 
16J,W,(20),(L) 


PLE8P8M 
8 
8 
Three-State 
256 x 8 
53S281A 
20J,W,L 


PLE9P4M 
9 
4 
Three-State 
512 x 4 
53S241A 
16J,W,(20),(L) 


PLE9P8M 
9 
8 
Three-State 
512 x 8 
53S481A 
20J,F,L 


PLE10P4M 
10 
4 
Three-State 
1024 x 4 
53S441A 
18J,W,(20),(L) 


PLE10P8M 
10 
8 
Three-State 
1024x8 
53S881A 
24JS,J,W,(28),(L) 


Mil. 
PLE11P4M 
11 
4 
Three-State 
2048 x 4 
53S841A 
18J,W,(28),(L) ,(20),(L)' 


PLE11P8M 
11 
8 
Three-State 
2048 x 8 
53S1681A 
24JS,J,W,(28),(L) 


PLE12P4M 
12 
4 
Three-State 
4096 x 4 
53S1641A 
20J 


PLE12P8M 
12 
8 
Three-State 
4096 x 8 
53S3281A 
24J,W,(28),(L) 


PLE9R8M 
9 
8 
Register 
512 x 8 
53RA481A 
24JS,W,(28),(L) 


PLE10R8M 
10 
8 
Register 
1024 x 8 
53RS881A 
24JS,J,W,(28),(L) 


PLE11RA8M 
11 
8 
Register 
2048 x 8 
53RA1681A 
24JS,W,(28),(L) 


PLE11RS8M 
11 
8 
Register 
2048 x 8 
53RS1681A 
24JS,W,(28),(L) 


Programmable 
Logic Element 
PLETMCircuit 
Family 


FeatureJIBenefits 


• programmrble 
replacement for conventional TTL logic 


• Reduces IT inventories and simplifies their control 


• Expedites ~nd simplifies prototyping and board layout 


• Saves spa~e with O.3-inch SKINNYDIP® packages (except 


PLE 12P8)1 


• Programmed on standard PROM programmers 


• Test and s mulation made simple with PLEASM'· software 


• Low-currert 
PNP Inputs 


• Three-statf outputs 


• Reliable TIW fuses guarantee >98% programming yield 


Ordering Information 


PLE5P8 A C N STD 


PREFIX 
=r-J 
1 L""'~,., 
PLE = Programmable 
STD 
= Standard 


Logic Element 
. 
XXXX = MII-Std - 883, Class B 


NUMBER OF INPUTS 
PACKAGE TYPE 


N 
= P1a.tlc DIP 
NS = Plastic SKINNYDIP 
J 
= Ceramic DIP 
JS = Ceramic SKINNYDIP 
F 
= Ceramic Solder Seal 


Flat Pack 
L 
= Leadless Chip Carrier 
NL = Pla.tlc Leaded Chip 


Carrier 


W 
= Cerpack 


OUTPUT TYPE ----' 
P 
= Non Registered 
R 
= Registered 
RA = Registered 
Asynchronous 
Enable 
RS = Registered 
Synchronous 
Enable 


NUMBER OF OUTPUTS 


PERFORMANCE 
Blank = Standard 
A 
= Enhanced 


"----TEMPERATURE 
CODE 
C = DOC to +75°C 
M = -55°C 
to +125°C 


l"fUlt 
eetlon 
UI e 
. 


PARr 
INPUTS 
OUTPUTS 
PRODUCT 
OUTPUT 
tPD (ns) 
NUM~ER 
TERMS 
REGISTERS 
MAX- 


PLESP8 
5 
8 
32 
25 


PLE5P8f\ 
5 
8 
32 
15 


PLEBP41 
8 
4 
256 
30 


PLE8P8 
8 
8 
256 
28 


PLE9P4 
9 
4 
512 
35 


PLE9P8 
9 
8 
512 
30 


PLE10P4 
10 
4 
1024 
35 


PLE10P~ 
10 
8 
1024 
30 


PLE11P~ 
11 
4 
2048 
35 


PLE11P13 
11 
8 
2048 
35 


PLE12P~ 
12 
4 
4096 
35 


PLE12P13 
12 
8 
4096 
35 


PLE9R8 
9 
8 
512 
8 
15 


PLE1OR~ 
10 
8 
1024 
8 
15 


PLE11Rf\8 
11 
8 
2048 
8 
15 


PLE11RS8 
11 
8 
2048 
8 
15 


* Clock to o~tput time for registered outputs. 


Note: comme~Ciallimits 
specified. 


SKINNYOI?e 
is 
registered trademark 
of Monolithic 
Memories. 


PLE'" and PLEAtM" 
are trademarks 
of Monolithic 
Memories. 
TWX: 
910-338-2376 


2175 Mission 
Coliege 
Blvd, 
Santa 
Clara, 
CA 95054-1592 
Tel: (408) 970·9700 
TWX: 
910·338·2374 
Monolithic mT!n 
Memories 
Ln.IlUJ 
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LogiC II:lemenl 


Joining 
the world 
of IdeaLogic'· 
is a new generation 
of High- 


speed 
PROMs 
which 
the designer 
can use as Programmable 


Logic 
Elements. 
The combination 
of PLE circuits 
as logic 
ele- 


ments 
with 
PAL 
devices 
can 
greatly 
enhance 
system 
speed 


while 
providing 
almost 
unlimited 
design 
freedom. 


Basically, 
PLE circuits 
are ideal when a large number 
of product 


terms is required. 
On the other 
hand, a PAL device is best suited 


for situations 
when 
many inputs 
are needed. 


The PLE circuit 
transfer 
function 
is the familiar 
OR of products, 
Like the PAL device, the PAE circuit 
has a single array of fusible 


links. Unlike 
the PAL device, 
the PLE circuits 
have a program- 


mable OR array driven 
by a fixed AND array (the PAL device is a 


programmed 
AND array driving 
a fixed OR array). 


PRODUCT TERM AND INPUT LINES 


PLE 
PAL 


Product 
Terms 


Input 
Lines 


32 to 4096 


5to 
12 


1 to 16 


6to64 


The 
PLE family 
features 
common 
electrical 
parameters 
and 


programming 
algorithm, 
low-current 
PNP inputs, 
full SChottky 


clamping 
and three-state 
outputs. 


The entire 
PLE family 
is programmed 
on conventional 
PROM 


programmers 
with the appropriate 
personality 
cards and socket 


adapters. 


The 
registered 
PLE circuits 
have on-chip 
"0" 
type 
registers, 


versatile 
output 
enable 
control 
through 
synchronous 
and 


asynchronous 
enable 
inputs, 
and flexible 
start-up 
sequencing 


through 
programmable 
initialization. 


Data is transferred 
into the output 
registers 
on the rising edge of 


the clock. 
Provided 
that the asynchronous 
(E) and synchronous 


(ES) enables 
are Low, the data will appear 
at the outputs. 
Prior to 


the positive 
clock edge, register 
data are not affected 
by changes 


in addressing 
or synchronous 
enable 
inputs. 


Data control 
is made flexible 
with synchronous 
and asynchro- 
nous enable 
inputs. 
Outputs 
may be set to the high-impedance 


state at any time by setting Eto a High or if ES is High when 
the 


rising 
clock 
edge occurs. 
When 
VCC power 
is first applied 
the 
synchronous 
enable 
flip-flop 
will be in the set condition 
causing 
the outputs 
to be in the high-impedance 
state. 


A flexible 
initialization 
feature 
allows 
start-up 
and 
time-out 
sequencing 
with 1:16 programmable 
words 
to be loaded 
into the 
output 
registers. 
With the synchronous 
INITIALIZE 
(is) pin Low, 


one of the 16 initialize 
words, 
addressed 
through 
pins 5,6,7 and 8 
will be set in the output 
registers 
independent 
of all other 
input 


pins. The unprogrammed 
state of is words 
are Low, presenting 


a CLEAR 
with is pin Low. With all is column 
words 
(A3-AO) 


programmed 
to 
the 
same 
pattern, 
the is function 
will 
be 


independent 
of both 
row and column 
addressing 
and may be 


used as a single 
pin control. 
With all iswords 
programmed 
High 
a PRESET function 
is performed. 


The PLE9R8 has asynchronous 
PRESET and CLEAR 
functions. 


With 
the chip 
enabled, 
a Low 
on the 
PR input 
will 
cause 
all 


outputs 
to be set to the High 
state. When 
the CLR input 
is set 


Low the output 
registers 
are reset and all outputs 
will be set to 


the 
Low 
state. The 
PR and CLR functions 
are common 
to all 


output 
registers 
and independent 
of all other 
data input states. 


AND 
OR 
OUTPUT OPTIONS 


PLE 
Fixed 
Prog 
TS, Registered 
Outputs, 


Fusible 
Polarity 


FPLA 
Prog 
Prog 
TS, OC, 
Fusible 
Polarity 


FPGA 
Prog 
Prog 
TS, OC, 
Fusible 
Polarity 


FPLS 
Prog 
Prog 
TS, Registered 
Feedback 
I/O 


PAL 
Prog 
Fixed 
TS, Registered 
Feedback 
I/O 
Fusible 
Polarity 


PLEAS~M 
Software 


Software 
that makes 
programmable 
logic 
easy. 
Monolithic 
M 
mories 
has developed 
a software 
tool to assist in 
designing 
an 
programming 
PROMs as PLE circuits. 
This pack- 


age called 
"PtEASM" 
(PLE Assembler) 
is available 
for several 


computers 
inilUding 
the VAXNMS 
and IBM PC/DOS. 
PLEASM 


13 
a- 
11 
10 


'I; 
7 
~ 
7 
'I; 
7' 
"OR" ARRAY 


V 
V 
V 
V 


(PROGRAMMABLE) 
---- 


---- 
=:: 
=:: 
=<: 
=< 
=<: 


I 
=<: 
=< 
=:: 


::::::: 


::::::: 
-- 
=: 
::::::: 


II 
=: 
=: 


::::::: 
---- 


"AND" ARRAY 
'('('IV 
FIXED 
03 
02 
01 
00 


software 
converts 
design 
equation 
(Boolean 
and 
arithmetic) 


into 
truth 
tables 
and 
formats 
compatible 
with 
PROM 
pro- 
grammers. 
A simulator 
is also provided 
to test a design 
using 
a 


Function 
Table before 
actually 
programming 
the PLE circuit. 


PLEASM 
software 
may 
be requested 
through 
the 
Monolithic 


Memories 
Idea Logic 
Exchange. 


~ 
7 ~ 
'I; 
"OR" ARRAY 


'v 
V 
V 
V 


FIXED 
--- 
, 
---- 
::::< 


::::< 


::::< 


:::::: 


~ 
=< 
=< 
=< 
=: 
=: 
=: 
=:: 
=:: 


~I=: 
L... 


··AND" ARRAY 
9\tV\( 
(PROGRAMMABLE) 


Note: • = Hardwired 
connection 


X = Programmable 
fuse with a diode 


PLE Family 


Operaling 
Programming 


Supply 
voltage 
VCC 
-0.5 V to 7 V 
12 V 
Input voltage 
.................•..............................•.................. 
-1.5 V to 7 V 
7 V 
Off-state 
output 
voltage 
-0.5 V to 5.5 V 
12 V 
Storage 
temperature 
.......................................•.................. 
-650 to + 1500C 


SYMBOL 
PARAMETER 
COMMERCIAL 
MILITARY 


MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
4.5 
5 
5.5 
V 


TA 
Operating 
free-air 
temperature 
0 
25 
75 
-55 
25 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
II 
= 
-18 
mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
= MAX 
VI=0.4V 
-0.25 
mA 


'IH 
High-level 
input 
cu rrent 
VCC 
= MAX 
VI = VCC 
40 
p.A 


I 
Com 
0.45 
VOL 
Low-level 
output 
voltage 
VCC 
= MIN 
10L = 16 mA 


I 


V 


Mil 
0.5 


VOH 
High-level 
output 
voltage 
VCC 
= MIN 
Com 
10H = -3.2 
mA 


2.4 
V 


Mil 
10H = -2 mA 


'OZL 
Vo 
= 0.4 V 
-40 
Off-state 
output 
current 
VCC 
= MAX 
p.A 
10ZH 
VO=2.4V 
40 


10S 
Output 
short-circuit 
current* 
VCC 
= 5 V 
Vo 
= OV 
-20 
-90 
mA 


5P8 
90 
125 


5P8A 
90 
125 


8P4 
80 
130 


8P8 
90 
140 


9P4 
80 
130 


VCC 
= MAX 
9P8 
104 
155 
All 
inputs 
grounded; 
10P4 
95 
140 


ICC 
Supply 
current 


all outputs 
open 
10P8 
92 
160 
mA 


11P4 
110 
150 


11P8 
135 
185 


12P4 
130 
175 


12P8 
150 
190 


9R8 
130 
180 


VCC 
= MAX 
10R8 
130 
180 
All inputs 
TTL; 


all outputs 
open 
11RA8 
140 
185 


11RS8 
140 
185 


ltIIonollthlo W Memories 


WI C 
I~g 
arac erls 
ICS Over Commercial 
Operating 
Conditions 


tpD (ns) 
tpzx 
AND 
tpxz 
(ns) 


INPUT 
TO OUTPUT 
DEVICE 
TYPE 
PROPAGATION 
DELAY 
ENABLE/DISABLE 
TIME 


I 
MAX 
MAX 


5P8AC 
15 
20 


5P8C 
25 
20 


8P4C 
30 
20 


8P8C 
28 
25 


9P4C 
35 
20 


9P8C I 
30 
25 


10P4C 
35 
. 
25 


10P8C 
30 
25 


11P4C 
35 
25 


11P8C 
35 
25 


12P4Q 
35 
25 


12P8Q 
35 
30 


SWitChi~9 Characteristics 
Over Military 
Operating 
Conditions 


tpD (ns) 
tpzx 
AND 
tpxz 
(ns) 


INPUT 
TO OUTPUT 
I DEVICE 
TYPE 
PROPAGATION 
DELAY 
ENABLE/DISABLE 
TIME 


MAX 
MAX 


5P8M 
35 
30 


8P4M 
40 
30 


8P8M 
40 
30 


9P4M 
45 
30 


9P8M 
40 
30 


10P4t\ 
50 
30 


10P8t\ 
45 
30 


11P4t\ 
50 
30 


11P8M 
50 
30 


12P4~ 
50 
30 


12P8M 
40 
35 


SYMBOL 
COMMERCIAL 
MILITARY 
PARAMETER 
MIN TYP* 
MAX 
MIN TYP* 
MAX 
UNIT 


tw 
Width of clock (High or Low) 
20 
10 
20 
10 
ns 


tprw 
Width of preset or clear 
20 
10 
20 
10 
ns 
tclrw 
(Low) to Output (High or Low) 


tprr 
Recovery from preset or clear 
20 
11 
25 
11 
ns 
tclrr 
(Low) to clock High 


tsu 
Setup time from input to clock 
30 
22 
35 
22 
ns 


ts(ES) 
Setup time from ES to clock 
10 
7 
15 
7 
ns 


th 
Hold time from input to clock 
0 
-5 
0 
-5 
ns 


th (ES) 
Hold time from ES to clock 
5 
-3 
5 
-3 
ns 


COMMERCIAL 
MILITARY 
SYMBOL 
PARAMETER 
MIN TYP* 
MAX 
MIN TYP* 
MAX 
UNIT 


tCLK 
Clock to output delay 
11 
15 
11 
20 
ns 


tpR 
Preset to output delay 
15 
25 
15 
25 
ns 


tCLR 
Clear to output delay 
18 
25 
18 
35 
ns 


tpzx (CLK) 
Clock to output enable time 
14 
25 
14 
30 
ns 


tpxz (CLK) 
Clock to output disable time 
14 
25 
14 
30 
ns 


tpzx 
Input to output enable time 
10 
20 
10 
25 
ns 


tpxz 
Input to output disable time 
10 
20 
10 
25 
ns 


Monolllhio m lIIIemorles 


Inpul 
)ri'·~~__ 
. 
~~ 
FJ~7-- 


ES---:.-.-~«:",r 


E 
~ 
, 
. 
I 


I 
t- 


••.. 
IpZX _I 
(elK) 


VOH -0.5 V 


'Val 
+0.5 V 


NOTES, 
1. Input pulse amplitude 
0 V to 3.0 V. 


2. Input 
rise and fall times 2·5 ns from 0.8 V to 2.0 V. 


3. InplJt access measured 
at the 1.5 V level. 


4. Switch 5, is closed. CL = 30 pF and outputs 
measured at 1.5 V level tor all tests except tpxz and tpZX. 


5. tplX 
and tPZX(ClK) 
are measured at the 1.5 V output level with CL = 30 pF. 5, is open for high impedance to .., .. test and closed for 
high impedance 
to "0" test. 


tpxz and IpXZ{CLK) 
are tested with CL = 5 pF. 5, is open for "'" 
to high impedance test. measured at VOH-O.5 V output level; 


5, Is closed for "0" to high impedance test measured at VOL +0.5 V output level. 


COMMERCIAL 
MILITARY 
SYMBOL 
PARAMETER 
MIN TYP* 
MAX 
MIN TYP* 
MAX 
UNIT 


lw 
Width 
of clock 
(High 
or low) 
20 
10 
20 
10 
ns 


lsu 
Setup 
time from 
input 
to clock 
(10R8) 
30 
25 
40 
25 
ns 


lsu 
Setup time from 
input 
to clock 
(11 RA8, 11RS8) 
35 
28 
40 
28 
ns 


ts (ES) 
Setup time from 
ES to clock 
(except 
11RA8) 
15 
7 
15 
8 
ns 


ts (IS) 
Setup 
time from 
IS to clock 
25 
20 
30 
20 
ns 


th 
Hold time input 
to clock 
0 
-5 
0 
-5 
ns 


th (ES) 
Hold time 
(ES) 
(except 
11RA8) 
5 
-3 
5 
-3 
ns 


th (IS) 
Hold time (IS) 
0 
-5 
0 
-5 
ns 


SYMBOL 
PARAMETER 
COMMERCIAL 
MILITARY 
UNIT 
MIN 
TYP' 
MAX 
MIN 
TYP' 
MAX 


tClK 
Clock 
to output 
delay 
10 
15 
10 
20 
ns 


tpzx 
(ClK) 
Clock 
to output 
enable 
time (except 
11RA8) 
17 
25 
18 
30 
ns 


tpxz 
(ClK) 
Clock 
to output 
disable 
time 
(except 
11RA8) 
17 
25 
18 
30 
ns 


tpzx 
Input to output 
enable 
time (except 
11RSB) 
17 
25 
17 
30 
ns 


tpxz 
Input to output 
disable 
time 
(except 
11RS8) 
17 
25 
17 
30 
ns 


Inpu~ 
:-_.._-ti-~U-:-,~t-------- 


ES_~/·:v=~~ tj~1 
l~f"l 
j"""" """H 
I 
! 


1 
I 


_,wJ 


!_IPXZ --I 
I-1m -I 


-VOH - O.5V 


-VOl·O.5V 


NOTES: 
1. Input pulse amplitude 
0 V to 3.0 V. 


2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 


3. Input access measured at the 1.5 V level. 


4. 
Switch 
8, 
is closed. 
Cl :::30 pF and 
outputs 
measured 
at 1.5 V level tor all tests except 
tpzx 
and 
tpXZ' 


5. tpzx 
and tpzxlelK) 
are measured at the 1.5V output level with CL = 30 pF. 5, is open for high impedance 
to "" test and closed tor 
high impedance 
to "0" test. 


tpxz 
and 
tPXZ(CLK) 
are tested WIth CL :::5 pF. 8, is open for "'" 
to high 
impedance 
test. measured at VOH-O 5 V output 
leve/; 
SI 
is closed tor "0" to high impedance 
test measured at VOL +0.5 V output level. 


SV 


)S1 
:rl 


R 


1 


OUTPUT 


CL 
R2 


~ 
-=- 


WAVEFORM 
INPUTS 
OUTPUTS 


~ 


DON'T CARE; 
CHANGING; 


CHANGE 
PERMITTED 
STATE UNKNOWN 


12) <K 


NOT 
CENTER LINE IS 


APPLICABLE 
HIGH IMPEDANCE 
STATE 


MUST BE STEADY 
WILL BE STEADY 
EI 


:,~~.~==={:,~,oo-~, 
t.~ 


----~~ 
lli=VOL+OoSV 
~ 


NOTES: 
Apply to electrical and switching characteristics. 


Typical 
at 5.0 V VCC and 2S·C TA- 


Measurements 
are absolute voltages with respect to the ground 
pin on the device and includes all overshoots 
due to system and/or 
tester noise. 


In all PLE devices unused inputs must be tied to either ground or VCC' The series resistor required for unused inputs on standard TTL is NOT required 
for PLE devices. 
thus using less parts. 


*No 
more than one output 
should be shorted at a time and duration 
of the short-circuit 
should not exceed one second. 


For commercial 
operating 
range R, = 200 n, R2 = 390 n. For military operating 
range R1 = 300 n, R2 = 600 n. 


1. 
Input pulse amplitude 
0 V to 3.0 V. 


2. 
Input rise and fall times 2-5 ns from 0.8 to 2.0 V. 


3. 
Inp~t access measured at the 1.5 V level. 


4. 
Data delay is tested with switch 81 closed. CL = 30 pF and measured at 1.5 V output 
level. 


5. 
tpzx 
is measured at the 1.5 V ouput lever with CL = 30 pF. 81 is open for high-impedance 
to "1" test and closed for high-impedance 
to "0" test. 


tpxz 
is measured CL = 5 pF. 81 is open for "1" to high-impedance 
test, measured at VOH -0.5 V output 
level; 51 is closed for "0" to high-impedance 


test measured at VOL +0.5 V output 
level. 


Monolithic W Memories 


AO 10 
A715 


A1 
11 
32.8 
A61 
10F32 
32X32 
A2 
12 
1 OF 32 


PROGRAMMABLE 
AS 2 
ROW 
PROGRAMMABLE 


A3 
13 
DECODER 
ARRAY 
A4 
DECODER 
ARRAY 


A4 
14 
A34 


E 15 


A2 
7 
10F8 


1 
2 
3 
4 
5 
6 
7 
9 
A1 
8 
COLUMN 


01 
02 
03 
04 
05 
06 
07 
OS 
AO 5 
DECODER 


19 
AS14 
A7 


A6 
1S 
32X64 
A715 


10F32 
10F 
32 
32X64 
17 
PROGRAMMABLE 
A61 
AS 
ROW 
ROW 
PROGRAMMABLE 
2 
DECODER 
ARRAY 
AS 2 
DECODER 
ARRAY 
A1 
1 
A43 


AO 


5 
A4 
10FS 
4 
4 
A3 
A3 
COLUMN 


A2 
3 
DECOOER 
A2 
7 
1 OF 16 


A16 
COLUMN 
DECODER 


Ei 
5 


E2 
AO 


E 13 


01 
04 


A& 
19 


A7 
1& 


17 
10~ 
A6 
RO 
AS 
16 
DECODER 


A1 
2 


AO 
1 


A4 
5 


A3 
4 


A2 
3 


E 15 


A915 


A&16 


A717 


A61 


AS 2 


A43 


64X64 


PROGRAMMABLE 


ARRAY 


64X64 


PROGRAMMABLE 


ARRAY 


10F64 
ROW 
DECODER 


10F16 
COLUMN 
DECODER 


22 


A915 
A9 


A& 
23 
A& 16 


1 
1 OF 64 
128.64 
A717 
1 OF 64 
64 X 12& 
A7 
2 
RO~ 
PROGRAMMABLE 
A6 
1 
ROW 
PROGRAMMABLE 
A6 
DECO 
ER 
ARRAY 
DECODER 
ARRAY 
AS 
3 
AS 
2 


4 
A4 
3 
A4 


A10 


A3 
1 OF 32 
A2 
7 
COLUMN 
6 
DECODER 
A1 
5 
AO 


9 
10 
11 
13 
14 
15 
16 
17 
Ei 
10 
01 
02 
03 
04 
05 
06 
07 
0& 


02 


A10 
21 
All 
17 


A9 
22 


A1018 


A8 
23 
1 OF 128 
128.128 
A919 
10F128 


A7 
1 
ROW 
PROGRAMMABLE 
A8 
~ 
ROW 


2 
DECODER 
ARRAY 
DECODER 
A6 
A7 
3 


AS 
3 
A6 
4 


A4 
4 
AS 


A3 
5 


A2 
6 
A4 


A1 
7 


A3 
10F32 
8 


7 
AO 


A2 
COLUMN 
DECODER 


E1 
A1 


E2 
AO 


E3 


9 
10 
11 
13 
14 
15 
16 
17 
01 
02 
03 
04 
05 
06 
07 
08 


128 X 128 
PROGRAMMABLE 
ARRAY 


A11 
19 


A10 
21 


A9 
22 


A8 
23 


A7 
1 


A6 
2 


AS 
3 


1 OF 128 
ROW 
DECODER 


128.256 
PROGRAMMABLE 
ARRAY 


A4 
4 


A3 
5 


A2 
6 


Al 
7 


9 
10 
11 
13 
14 
15 
16 
17 


01 
02 
03 
04 
05 
06 
07 
08 


A8 23 


A7 
1 


A6 
2 


A5 
3 


A4 
4 


10F32 


ROW 
DECODER 


32 X 128 
PROGRAMMABLE 
ARRAY 


A3 
5 


A2 
6 


A1 
7 


AO 
8 


1 OF 16 
COLUMN 
DECODER 


128.128 
PROGRAMMABLE 
ARRAY 


64 X 128 


PROGRAMMABLE 


ARRAY 


10F64 
ROW 
DECODER 


1 OF 128 
ROW 
DECODER 


128 X 128 


PROGRAMMABLE 


ARRAY 


SOURCE 
Data 1/0 Corp. 
Kontron Electronics Inc. 
Slag Mlcrosystems 
Inc. 
Dlgelec Inc. 
Varix Corp. 


AND 
10525 Willows Rd. N.E. 
1230 Charleston Rd. 
528-5 Weddell Dr. 
1602 Lawrence /we. 
1210 E. Campbell Rd. 
LOCATION 
P.O. Box 97046 
Mountain View 
Sunnyvale 
Suite 113 
Suite 100 
Redmond 
CA 94039-7230 
CA94089 
Ocean 
Richardson 
WA 98073-9746 
NJ 07712 
TX 75081 


Programmer 
Model 19/29A129B 
Model MMP-80S 
Model PPX 
UP803 
OMNI 
Model(a) 
Model 22 
Model PPZ 


MMI Generic 
UniPak 
Rev 10 
MOD16 
Zm2000 
FAM Mod. No. 12 
Bipolar PLE 
UniPak II Rev 07 
Personality 
(Not all PLE devices 
Module 
are supported by earlier 
UniPak revisions) 


Socket Adapter(s) 
and Device Code 


PLE5PSI 
F18 P02 
SA3 
AM110-2 
DA NO.2 Pinout 1A 
63S081 
PLE5PSA 
ModeI22A- 
Code 21 
Switch Pos. 0-6 
Adapter 351A-064 


PLESP4 
F18 P01 
SA4-2 
AM130-2 
DA NO.1 Pinout 1B 
638141 
Model 22A- 
Code 21 
Switch Pos. 0-6 
Adapter 351A-064 


PLE9P4 
F18 P03 
SA4-1 
AM130-3 
DA No.1 Pinout 1D 
638241 


ModeI22A- 
Code 21 
Switch Pos. 2-14 
Adapter 351A-064 


PLESPS 
F18 P08 
SA6-1 
Code 21 
t 
638281 
ModeI22A- 
Adapter 351A-064 


PLE10P4 
F18 P05 
SA4 
AM140-2 
DA NO.3 Pinout 1E 
638441 
ModeI22A- 
Code 21 
Switch Pos. 0-6 
Adapter 351A-064 


PLE9PS 
F18 P08 
SA6 
Code 21 
t 
638481 
ModeI22A- 
Adapter 351A-064 


PLE9RS 
FEC P65 
SA31-2 
Code 21 
Pinout 1H 
63RA481 
ModeI22A- 
Switch Pos. 5-14 
Adapter 351A-074 


PLE11P4 
F18 P06 
SA4-4 
AM140-3 
DA No.3 Pinout 1L 
63S841 
ModeI22A- 
Code 21 
Switch 5-14 
Adapter 351A-064 


PLE10RS 
F18 P86 
t 
Code 21 
DA No. 64t 
63RS881 
Model 22A- 
Switch Pos. 0-12 
Adapter 351A-D74 
(300 mil pkg) 


PLE12P4 
F18 P53 
SA20 
AM120-6 
DANo.70 
63S1641 
Model 22A- 
Code 21 
Switch Pos. 4-12 
Adapter 351A-064 


PLE11RAS 
F18 PA3 
t 
Code 21 
DANo.64 
63RA1681 
PLE11RSS 
63RS1681 


PLE11P8 
F18P21 
SA5-4 
AM1oo-5 
DANo.7 
6381681 


Code 21 


PLE12P8 
F18P63 
t 
Code 21 
DA No. 64 Pinout 47 
6383281 


Switch Pos. 0-4 
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PAUHAL 
Specifications 
Series 
20 


10H8 
Octal 10 Input And-Or-Gate Array . . .. 
5-32 


12H6 
Hex 12 Input And-Or-Gate Array 
5-32 
14H4 
Quad 14 Input And-Or-Gate Array 
5-32 


16H2 
Dual 16 Input And·Or-Gate Array 
5-32 


16C1 
16 Input And-Or·Gate Array 
5-32 
10L8 
Octal 10 Input And-Or-Gate Array 
5-32 


12L6 
Hex 12 Input And-Or·Gate Array 
5-32 


14L4 
Quad 14 Input And-Or-Gate Array 
5-32 
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Half Power 
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20-2 
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5-33 
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16L8 
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Speed 
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Power) 
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Power) 
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16L8B-4 
. 
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. 
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Programmable 
Output 
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. 
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The PAL® Device Concept 


Monolithic 
Memories' family of PAL devices gives designers 


a powerful 
tool with unique capabilities 
for use in new and 


existing 
logic 
designs. 
The PAL device saves time and 


money 
by solving 
many 
of the system partitioning 
and 


interface 
problems 
brought 
about by increases 
in semi- 


conductor 
device technology. 


Rapid 
advances 
in large 
scale 
integration 
technology 


have led to larger 
and larger 
standard 
logic 
functions; 


single I.C.s now perform 
functions 
that formerly required 


complete 
circuit 
cards. 
While LSI offers 
many 
advan- 
tages, 
advances 
have 
been 
made 
at the expense 
of 


device 
flexibility. 
Most 
LSI devices 
still 
require 
large 


numbers 
of SSI/MSI 
devices 
for interfacing 
with user 
systems. 
Designers 
are still forced 
to turn 
to random 


logic 
for many applications. 


The designer is confronted 
with another problem 
when a 


product 
is designed. Often the function 
is well defined and 
could 
derive significant 
benefits 
from 
fabrication 
as an 


integrated 
circuit. However, the design cycle for a custom 


circuit is long and the costs can be very high. This makes 
the risk significant 
enough 
to deter most users. The tech- 


nology to support 
maximum 
flexibility 
combined 
with fast 


turnaround 
on custom logic has simply not been available. 


Monolithic 
Memories 
offers the programmable 
solution. 


The PAL device family offers a fresh approach 
to using 


fuse programmable 
logic. PAL circuits are a conceptually 
unified 
group 
of devices which 
combine 
programmable 


flexibility 
with high speed and an extensive 
selection 
of 


interface 
options. 
PAL devices can lower inventory, 
cut 


design 
cycles 
and provide 
high 
complexity 
with maxi- 


mum 
flexibility. 
These 
features, 
combined 
with 
lower 


package 
count 
and high reliability, 
truly make the PAL 


device a circuit 
designer's 
best friend. 


I%~n 
PALe is. 
registered lrademarl< of Monolithic 
Memories. 


Monolithic UlJlW Memories 


The PAL Device-Teaching 
Old 
PROMs New Tricks 


Monolithic Memories developed the modern PROM and intro- 
duced many of the architectures and techniques now regarded 
as industry standards. As the world's largest PROM manufac- 
turer, Monolithic Memories has the proven technology and high 
volume production capability required to manufacture and sup- 
port the PAL device. 


The PAL device is an extension of the fusible link technology 
pioneered by' Monolithic Memories for use in bipolar PROMs. 
The fusible link PROM first gavethe digital systems designer the 
power to "write on silicon". In a few seconds he was able to 
transform a blank PROM from a general purpose device into one 
containing 
a custom algorithm, 
microprogram, 
or Boolean 


transfer function. This opened up new horizons for the use of 
PROMs in computer control stores, character generators, data 
storage tables and many other applications. The wide accep- 
tance of this technology 
is clearly demonstrated by today's 


multi-million dollar PROM market. 


The key to the PROM's success is that it allows the designer to 
customize the chip quickly and easily to fit his unique require- 
ments. The PAL device extends this programmable flexibility by 
utilizing provfn 
fusible link technology 
to implement logic 
functions. By using PAL circuits the designer can quickly and 
effectively implement custom logic varying in complexity from 
random gates to complex arithmetic functions. 


The PAL device implements the familiar sum-of-products logic 
by using a programmable AND array whose output terms feed a 
fixed OR array. Since the sum-of-products form can expressany 
Boolean transfer function, the PAL circuit uses are only limited 
by the number of terms available in the AND - OR arrays. PAL 
devices come in different sizes to allow for effective logic 
optimization. 


Figure 1 shows the basic PAL device structure for a two-input, 
one-output logic segment. The general logic equation for this 
segment is: 


Output = (11+11)(11+12)(12+13)(12+14) 
+ 


(11+15)(11+16)(12+17) 
(12+i8) 


where the "f" terms represent the state 01the lusible links in the 
PAL device AND array. An unblown link represents a logic 1. 
Thus: 


luse blown, I = 0 


luse intact, I = 1 


PAL Device Notation 


Logic equations, while convenient lor small functions, rapidly 
become cumbersome in large systems. To reduce possible con- 
fusion, complex logic networks are generally delined by logic 
diagrams and truth tables. Figure 2 shows the logic convention 
adopted to keep PALdevice logic easyto understand and use,in 
the figure, an "x" represents an intact luse used to perfonm the 
logic AND lunction. (Note: the input terms on the common line 
with the x's are not connected together.) The logic symbology 
shown in Figure 2 has been inlormally adopted by integrated 
circuit manulacturers because it clearly establishes a one-to- 
one correspondence between the chip layout and the logic 
diagram. It also allows the logic diagram and truth table to be 
combined into acompact and easy to read lorm, thereby serving 
as a convenient shorthand lor PAL circuits. The two-input, one- 
output example Irom Figure 1, redrawn using the new logic 
convention, is shown in Figure 3. 
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As a simple 
PAL device example, 
consider 
the implementation 
of 


the transfer 
function: 


The 
normal 
combinatorial 
logic 
diagram 
for 
this 
function 
is 


shown 
in Figure 4, with the PAL device logic equivalent 
shown 
in 


Figure 
5. 


Using 
this 
logic 
convention 
it is now 
possible 
to compare 
the 


PAL device structureto 
the structure 
of the more familiar 
PROM 


and PLA. The basic log ic structu re of a PROM consists 
of a fixed 


AND array whose 
outputs 
feed a programmable 
OR array (Fig- 
ure 6). PROMs 
are low-cost, 
easy to program, 
and available 
in a 


variety 
of sizes 
and 
organizations. 
They are 
most 
commonly 
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used to store computer 
programs 
and data. In these applications 


the fixed 
input is a computer 
memory 
address; 
the output 
is the 
contents 
of that memory 
location. 


The basic logic structure 
of the PLA consists 
of a programmable 


AND 
array 
whose 
outputs 
feed 
a programmable 
OR 
array 


(Figure 
7). Since 
the designer 
has complete 
control 
over 
all 
inputs 
and outputs, 
the PLA prOVides the ultimate 
flexibility 
for 


implementing 
logic functions. 
They are used in a wide variety 
of 
applications. 
However, 
this generality 
can make 
PLAs expen- 
sive, quite formidable 
to understand, 
and costly 
to program. 


The basic logic structure 
olthe 
PAL device, as mentioned 
earlier, 


consists 
of a programmable 
AND 
array 
whose 
outputs 
feed a 


fixed OR array (Figure8). 
The PAL device combines 
much olthe 


flexibility 
of the PLA with the low cost and easy programmability 
of the 
PROM. 
Table 
1 summarizes 
the 
characteristics 
of the 
PROM, 
PLA, and PAL device 
logic 
families. 
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AND 
OR 
OUTPUT OPTIONS 


PROM 
Fixed 
Prog 
TS,Oe 


FPLA 
Prog 
Prog 
TS, oe, 
Prog. Polarity 


FPGA 
Prog 
None 
TS, oe, 
Prog. Polarity 


FPLS 
Prog 
Prog 
TS, Registered 
Feedback, 
I/O 


PAL Device 
Prog 
Fixed 
TS, Registered 
Feedback, 
I/O 


Prog. 
Polarity 


PAL Device Circuits 
For Every Task 


The members 
of the PAL device family 
and their characteristics 
are summarized 
in the PAL device 
menu. 
They are designed 
to 


cover the spectrum 
of logic functions 
at reduced 
cost and lower 


package 
coun~l This allows 
the designer 
to select the PAL device 


that 
best 
fits 
'lis 
application. 
PAL device 
units 
come 
in the 


following 
basic configurations: 


Logic Arrays 


PAL device 
logic arrays are available 
in sizes from 
6x16 (6 input 


terms, 16 output 
terms) to 64x32, with both active high and active 


low output 
configurations 
available 
(ref. PAL device menu). 
This 


wide 
variety 
of input/output 
formats 
allows 
the PAL device 
to 
replace 
many different 
sized blocks 
of combinatorial 
logic 
with 


single 
packages. 
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Programmable 
I/O 


A feature 
of the high-end 
members 
of the PAL device 
family 
is 


programmable 
input/output. 
This 
allows 
the product 
terms 
to 


directly 
control 
the outputs 
of the PAL device 
(Figure 
10). One 


product 
term 
is used to enable 
the three-state 
buffer, 
which 
in 


turn gates the summation 
term to the output 
pin. The output 
is 


also fed back into the PAL device array as an input. Thus the PAL 
device 
drives 
the I/O pin when 
the three-state 
gate 
is enabled; 


the 
I/O 
pin 
is an 
input 
to 
the 
PAL 
device 
array 
when 
the 


three-state 
gate is disabled. 
This feature 
can be used to allocate 


available 
pins for I/O functions 
or to provide 
bi-directional 
out- 


put pins for operations 
such as shifting 
and rotating 
serial data. 
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Another 
feature 
of the 
high 
end 
members 
of the 
PAL device 


family 
is registered 
data outputs 
with registered 
feedback. 
Each 


product 
term is stored 
into a D-type 
output 
flip-flop 
on the rising 


edge 
of the 
system 
clock 
(Figure 
11). The 
Q output 
of the 
flip-flop 
can then 
be gated 
to the output 
pin by enabling 
the 
active 
low th ree-state 
buffer. 


Figure 10 


In addition 
to being 
available 
for transmission, 
the Q output 
is 


fed back into the PAL device 
array 
as an input term. 
This feed- 


back allows the PAL device to "remember" 
the previous 
state, and 
it can alter 
its function 
based 
upon 
that state. This 
allows 
the 


designer 
to configure 
the PAL device as a state sequencerwhich 
can be programmed 
to execute 
such 
elementary 
functions 
as 


count 
up, count 
down, 
skip, shift, and branch. 
These 
functions 


can be executed 
by the registered 
PAL device at rates of up to 40 


MHz. 


These PAL devices feature an exclusive-OR 
(XOR) function. 
The 
sum of products 
is segmented 
into two 
sums 
which 
are then 


exclusive 
ORed atthe 
input ofthe 
D-typeflip-flop 
(Figure 12). All 


Figure 11 


of the features 
of the Registered 
PAL devices 
are included 
in the 


XOR PAL unit. The XOR function 
provides 
an easy implementa- 


tion 
of the HOLD 
operation 
used 
in counters 
and other 
state 


sequencers. 
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The arithmetic 
functions 
(add, subtract, 
greater 
than, and less 


than) 
are implemented 
by addition 
of gated 
feedback 
to the 


features 
of the XOR 
PAL device. 
The XOR at the input 
of the 
D-type 
flip-flop 
allows 
carrys 
from 
previous 
operations 
to be 


XORed 
with 
two 
variable 
sums 
generated 
by the 
PAL device 
array. 
The flip-flop 
Q output 
is fed back to be gated with 
input 


terms A (Figure 
13). This gated feedback 
provides 
anyone 
of the 


sixteen 
possible 
Boolean 
combinations 
which 
are mapped 
in the 


Karnaugh 
map (Figure 
15). Figure 
14 shows 
how the PAL device 


array can be programmed 
to perform 
these sixteen 
operations. 


These features 
provide 
for versatile 
operations 
on two variables 


and facilitate 
the parallel 
generation 
of carrys 
necessary 
for fast 


arithmetic 
operations. 
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Programmable 
Output Polarity 


The outputs 
can 
be programmed 
either 
active-low 
or active- 
high. 
This 
is represented 
by the exclusive-or 
gates 
shown 
in 


Figure 
13, PAL20RA 10 Logic 
Diagram. 
When the output 
polarity 
fuse is blown, 
the lower input to the exclusive-or 
gate is high, so 


the output 
is active-high. 
Similarly, 
when the output 
polarity 
fuse 


is intact, 
the output 
is active-low. 
The 
programmable 
output 


polarity 
feature 
allows 
the 
user a higher 
degree 
of flexibility 


when writing 
equations. 


Programmable 
Clock 


One of the product 
lines in each group 
is connected 
to the clock. 


This 
provides 
the user with 
the additional 
flexibility 
of a pro- 


grammable 
clock, 
so each output 
can be clocked 
independently 


of all the others. 
(See Figure 
16) 


Programmable 
Set and Reset 


Two product 
lines are dedicated 
to asynchronous 
set and reset. 


If the set product 
line is high, the register 
output 
becomes 
a logic 


1. If the reset product 
line is high, the register 
output 
becomes 
a 


logic O. The operation 
of the programmable 
set and reset over- 


rides the clock. 
(See Figure 
16) 


Individually 
Programmable 
Register 
Bypass 


If both 
the set and 
reset 
product 
lines 
are high, 
the sum-of- 
products 
bypasses 
the register 
and appears 
immediately 
at the 


output, 
thus making 
the output 
combinatorial. 
This allows 
each 
output 
to be configured 
in the registered 
or combinatorial 
mode. 


(See Figure 
16) 


The basic configuration 
is sixteen product 
terms shared between 


two output 
cells. For a typical 
output 
pair, each product 
term can 


be used 
by either 
output; 
but, 
since 
product 
term 
sharing 
is 


exclusive, 
a product 
term can be used by only 
one output, 
not 
both. 
If equations 
call for an output 
pairto 
use the same product 
term, two productterms 
are generated, 
one for each output. 
This 


should 
be taken 
into 
account 
when 
writing 
equations. 
PAL 
assemblers 
configure 
product 
terms 
automatically. 
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PAL Device Programming 


PAL devices 
can be programmed 
in most standard 
PROM pro- 


grammers 
with the addition 
of a PAL device personality 
card. For 


details 
on programming 
equipment, 
see the PAL Device 
Pro- 


grammer 
Reference 
Guide 
in this databook. 


PALASM (PAL Device Assembler) 


PALASM 
is the software 
used to define, 
simulate, 
build, and test 
PAL 
device 
units. 
PALASM 
accepts 
the 
PAL device 
Design 


Specification 
as an input 
file. 
It verifies 
the design 
against 
an 


optional 
function 
table and generates 
the fuse plot which 
is used 


to program 
the PAL devices. 
PALASM 
is available 
upon request 


for many computers. 


HAL (Hard Array Logic) Device 


The HAL device family 
is the mask programmed 
version of a PAL 


device. 
The HAL device 
is to a PAL device 
just as a ROM is to a 
PROM. 
A standard 
wafer 
is fabricated 
as far 
as the 
metal 


mask. Then a custom 
metal mask is used to fabricate 
aluminum 


links for a HAL device 
instead 
of the programmable 
TiW fuses 


used in a PAL device. 


PAL Device Technology 


PAL circuits 
are manufactured 
using 
the proven 
TTL Schottky 


bipolar 
TiW fuse process 
to make fusible-link 
PROMs. 
An NPN 
emitter 
follower 
array forms the programmable 
AND array. 
PNP 
inputs 
provide 
high 
impedance 
inputs 
(0.25 mA 
max) 
to the 


array. 
All outputs 
are standard 
TTL drivers 
with 
internal 
active 


pull-up 
transistors. 


PAL Device Data Security 


The circuitry 
used for programming 
and logic verification 
can be 


used at any time to determine 
the logic pattern 
stored 
in the PAL 


device array. For security, 
the PAL device 
has a "last fuse" wh ich 


can be blown 
to disable 
the verification 
logic. 
This 
provides 
a 


significant 
deterrent 
to potential 
copiers, 
and it can be used to 


protect 
proprietary 
designs. 


rAp.uevlce ran 
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The PAL device part number is unique in that the part number 
code also defines the part's logic operation. The PAL device 
numbering system is shown in Figure 17. For example, a PAL 
14L4CNwould be a 14-input term, 4-output term, active-low PAL 
device with a commercial temperature range packaged in a 
2O-pin plastic DIP. 
The electronic dice game is simply constructed using a free 
running oscillator whose output is used to drive two asyn- 


chronous modulo six counters. When the user "rolls" the dice 
(presses a button), the current state of the counters is decoded 
and latched into a display resembling the pattern seen on an 
ordinary pair of dice. 


A conventional logic diagram for the dice game is shown in 
Figure 16. It is implemented using standard TTL, 881 and M81 
parts, with a totall.C. count of eight: six quad gate packages and 
two quad D-Iatches. Looks like a nice clean logic design, right? 
Wrong!! 
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PAL Device 
Logic Symbols 


The logic symbols 
for each of the individual 
PAL devices 
gives a 


concise 
funotional 
description 
of the PAL device 
logic function. 


This symbol 
makes 
a convenient 
reference 
when 
selecting 
the 
PAL device 
tllat 
best fits a specific 
application. 
Figure 
18 shows 


the logic symbol 
for a PAL 10H8 array. 


A PAL Device 
Example 


As an example 
of how the PAL device 
enables 
the designer 
to 


reduce 
costs and simplify 
logic design, 
consider 
the design 
of a 


simple, 
high-volume 
consumer 
product: 
an 
electronic 
dice 


game. This type of product 
will be produced 
in extremely 
high 


volume. 
so it is essential 
that every possible 
production 
cost be 


minimized. 


A brief examination 
of Figure 
16 reveals two basic facts: first, the 


circuit 
contains 
mostly simple, 
combinatorial 
logic. and second. 


it uses a clocked 
state transition 
sequence. 
Remembering 
that 


the PAL device 
family 
contains 
ample 
provision 
for these 
fea- 


tures, the PAL device catalog 
is consulted. 
The PAL 16R8 has all 
the required 
functions. 
and the entire 
logic content 
of the circuit 


can be programmed 
into asingle 
PAL device shown 
in Figure 19. 


In this example. 
the PAL device effected 
an eight-to-one 
package 


count 
reduction 
and a significant 
cost savings. 
This is typical 
of 


the power 
and cost-effective 
performance 
that the PAL device 


family 
brings 
to logic design. 
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Figure 19 


The PAL device has a unique place in the world of logic 
design. Not only does it offer many advantages over conven- 
tional logic, it also provides many features not found any- 
where else. Among the benefits of the PAL device family: 


• Programmable replacement for conventional TTL logic. 
• Reduces IC inventories substantially 
and simplifies their 


control. 


• Reduces chip count by at least 4 to 1. 
• Expedites and simplifies prototyping and board layout. 
• Saves space with 20-pin and 24-pin SKINNYDIP packages, 
and surface-mount PLCC packages. 


• High speed: 15 ns maximum propagation delay, on B series. 
• Programmed on standard PROM programmers. 
• Programmable three-state outputs. 
• Special 
feature 
eliminates 
possibility 
of copying 
by 


competitors. 


All of these features combine together to lower product devel- 
opment costs and increase product cost effectiveness. The 
bottom line is that PAL devices save money. 


In both new and existing designs, the PALdevice can be usedto 
replace various logic functions. This allows the designer to 
optimize a circuit in many ways never before possible. The PAL 
device is particularly effective when used to provide interfaces 
required by many LSI functions. The combination of PALdevice 
flexibility and LSI function density makes a powerfUl team. 


Design Flexibility 


The PAL device offers the systems logic designer a whole new 
world of options. Until now, the decision on logic system imple- 
mentation was usually between SSI/MSI logic functions on one 
hand and microprocessors on the other. In many casesthe func- 
tion required is too awkward to implement the first way and too 
simple to justify the second. Now the PAL device offers the 
designer high functional density, high speed, and low cost. Even 
better, PAL devices come in a variety of sizes and functions, 
thereby further increasing the designer's options. 


By allowing designers to replace many simple logic functions 
with single packages, the PAL device allows more compact P.C. 
board layouts. The PAL device space-saving 20-pin and 24-pin 
SKINNYDIP packages help to reduce board area further while 
simplifying board layout and fabrication. this means that many 
multi-card systems can now be reduced to one or two cards, and 
that can make the difference between a profitable success or an 
expensive disaster. 


Smaller 
Inventory 


The PAL device family can be 
used to replace up to 90% of 
the conventional TTL family. 
This considerably lowers both 
shelvingand inventory catalog- 
ing requirements. In addition, 
small custom modifications to 
the standard 
functions 
are 
easy for PAL device users, but 
not so easy for standard TTL 
users. 


l;) 


The 
PAL device 
family 
runs faster than 
or equal 
to the best of 


bipolar 
logi'! circuits. 
This makes the PAL device the ideal choice 
for most logical 
operations 
or control 
sequence 
which 
requires 
a 
medium 
complexity 
and high speed. Also, 
in many microcom- 


puter systems, 
the PAL device can be used to handle high-speed 


data interfaces 
that 
are 
not 
feasible 
for 
the 
microprocessor 


alone. This can be used to significantly 
extend the capabilities 
of 
the low-costl'ow-speed 
NMOS 
microprocessors 
into areas for- 
merly 
requiring 
high-eost 
bipolar 
microprocessors. 


Easy Programming 


The members 
of the PAL device family 
can be quickly 
and easily 
programmed 
using standard 
PROM 
programmers. 
This allows 
designers 
to use PAL devices 
with 
a minimum 
investment 
in 


special 
equi~ment. 
Many types of programmable 
logic, such as 


the FPLA, 
require 
an expensive, 
dedicated 
programmer. 


The PAL device verification 
logic can be completely 
disabled 
by 


blowing 
out a special 
"last link". This prevents 
the unauthorized 
copying 
of valuable 
data, and makes the PAL device 
perfect 
for 


use in any application 
where 
data 
integrity 
must 
be carefully 


guarded. 


Summary 


The 
PAL device 
family 
of logic 
devices 
offers 
logic 
designers 


new options 
in the implementation 
of sequential 
and combina- 
torial 
logic 
designs. 
The family 
is fast, compact, 
flexible, 
and 


easy to use in both 
new and existing 
designs. 
It promises 
to 


reduce 
costs 
in most 
areas 
of design 
and 
production 
with 
a 


corresponding 
increase 
in product 
profitability. 


A Great Performer! 


CURRENT 
SOURCE 
AND PROGRAMMABLE 
CIRCUITRY 


MISCELLANEOUS 
AND TESTING 
CIRCUITRY 


THE PAL DEVICE 
CONNECTION r 


PAL® (Programmable 
Array Logic) Devices 
HAL® (Hard Array Logic) Devices 


Featuresl Benefits 


• 
Reduces 
SSI/MSI 
chip count greater 
than 5 to 1 


• 
Saves space with SKINNYDIP4l> 
packages 


• 
Reduces 
Ie inventories 
substantially 


• 
Expedites 
and simplifies 
prototyplng 
and board layout 


• 
PALASMe2 
silicon complier 
provides easy design entry 


• 
Security 
fuse reduces possibility 
of copying 
by competitors 


Description 


The PAL df?Vice family utilizes an advanced Schottky TTL 
process and the Bipolar PROM fusible link technology 
to 


provide user-programmable 
logic for replacing conventional 


SSI/MSI gates and flip-flops at reduced chip count. 


The HAL device family utilizes standard Low-Power Schottky 
TTL process and automated mask pattern generation directly 
from logic equations to provide a semi-custom gate array for 
replacing conventional SSI/MSI gates and flip-flops at reduced 
chip count. 


The PAL device lets the systems engineer 'design his own chip' 
by blowing fusible links to configure AND and OR gates to 
perform his desired logic function. Complex interconnections 
which 
previously required time-consuming 
layout are thus 


'I ifted' from PC board etch and placed on silicon where they can 
be easily modified during prototype check-out or production. 


The PAUHAL device transfer function is the familiar sum of 
products. Li~e the PROM. the PAL device has a single array of 
fusible links. Unlike the PROM. the PAL device is a program- 
mable AND array driving a fixed OR array (the PROM is a fixed 
AND array driving a programmable OR array). 


PAL- 
(Programmable Array Logic), PALASM--. HAL" 
and SKINNYDIp'· 
are registered trademarks of Monolithic 
Memories. 


HMSI'· 
is a trad~mark 
of Monolithic 
Memories. 


In addition the PAUHAL device provides these options: 


• variable 
Input/output 
pin ratio 


• 
Programmable 
three-state 
outputs 


• 
Registers 
with feedback 


• Arithmetic 
capability 


• 
Exclusive-OR 
gates 


Unused input pins should be tied directly to VCC or GND. 
Product terms with all fuses blown assume the logical high state. 
and product terms connected to both true and complement of 
any single input assume the logical low state. Registers consist 
of D-type flip-flops 
which 
are loaded on the low-to-high 


transition of the clock. PAUHAL device Logic Diagrams are 
shown with all fuses blown. enabling the designer to use the 
diagrams as coding sheets. PALASM software automatically 
generates a similar diagram. called the fuse plot. 


The entire PAL device family is programmed using inexpensive 
conventional PROM programmers with appropriate personality 
and socket adapter cards. Once the PALdevice is programmed 
and verified. two additonal 
fuses may be blown to defeat 


verification. This feature gives the user a proprietary circuit 
which is very difficult to copy. 


To design a HAL. the user first programs and debugs a PAL 
device 
using 
PALASM 
and the "PAL 
DEVICE 
DESIGN 


SPECIFICATION' standard format. This specification is sub- 
mitted to Monolithic Memories where it is computer-processed 
and assigned a bit pattern number. e.g.. H01234. 


Monolithic 
Memories will provide a PAL device sample for 


customer qualification. The user then submits a purchase order 
for a HAL of the specified bit pattern number. e.g.. HAL18L4 
H01234.For details on ordering HAL devices. please refer to the 
brochure. ProPAL, HAL, and ZHAL Devices: The Logical 
Solutions for IIblume Programmable Logic, available from 
Monolithic Memories. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara. CA 95054-1592 Tel: (408) 970·9700 TWX: 910-338-2374 
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Outputs 
within 
a bank must either 
be all registered 
or all com- 


binatorial. 
Whether 
or 
not 
a bank 
of 
registers 
is bypassed 


depends 
on how 
the outputs 
are defined 
in the equations. 
A 


colon followed 
by an equal sign [:=] specifies 
a registered 
output 


with feedback 
which 
is updated 
after the low-to-high 
transition 
of 


the 
clock. 
An 
equal 
sign 
[=] defines 
a combinatorial 
output 


which 
bypasses 
the register. 
Registers 
are bypassed 
in banks of 


eight. 
Bypassing 
a bank 
of registers 
eliminates 
the feedback 


Iines for those 
outputs. 


Output Polarity 


Output 
polarity 
is defined 
by comparison 
of the pin list and the 


equations. 
If the logic sense of a specific 
output 
in the pin list is 


different 
from 
the logic 
sense of that 
output 
as defined 
by its 


equation, 
the output 
is inverted 
or active low polarity. 
If the logic 


sense of a specific 
output 
in the pin list is the same as the logic 


sense 
of that 
output 
as defined 
by its equation, 
the output 
is 


active 
high 
polarity. 
Note 
that 
the 
P, RA, RS, and 
MegaPAL 


devices 
have programmable 
output 
polarity. 


Product Term Sharing 
(RS, MegaPAL 
Devices) 


The basic configuration 
is sixteen product 
terms shared between 


two 
output 
cells. 
For a typical 
output 
pair, each product 
term 


can be used by either output; 
but, since product 
term sharing 
is 


exclusive, 
a product 
term 
can be used by only 
one output, 
not 


both. If equations 
call for an output 
pair to use the same product 


term, two productterms 
are generated, 
one for each output. 
This 


should 
be taken 
into 
account 
when 
writing 
equations. 
PAL 


device 
assemblers 
configure 
product 
terms 
automatically. 


Product Term Editing 


A unique 
feature 
of productterm 
sharing 
is the ability 
to edit the 


design 
after 
the 
device 
has been 
programmed. 
Without 
this 


feature, 
a new 
PAL device 
had to be programmed 
if the user 


needed 
to change 
his design. 
Product 
term editing 
allows 
the 


user 
to 
delete 
an 
unwanted 
product 
term 
and 
reprogram 
a 


previously 
unused 
productterm 
to the desired 
fuse pattern. 
This 


feature 
is made possible 
by the product 
term sharing 
architec- 
ture. Since each product 
term can be routed to either output 
in a 


given pair by selecting 
one of two steering 
fuses, it is possible 
to 


blow both of the steering 
fuses thereby 
completely 
disabling 
that 


product 
term. 
Once 
disabled, 
that 
product 
term 
is powered 


down, 
saving typically 
0.25 mA. The desired 
change 
may now be 
programmed 
into one of the previously 
unused 
product 
terms 


corresponding 
to that output 
pair. Additional 
edits can be made 


as long 
as there 
are unused 
product 
terms 
for the output 
in 
question. 


PRESET Feature (PAL64R32 
only) 


Register 
banks of eight may be PRESET to all highs on the out- 
puts by setting 
the PRESET pin (PS) to a Low level. Note from the 


Logic 
Diagram 
that when the state of an output 
is High, the state 


of the register 
is Low due to the inverting 
tri-state 
buffer. 


Preload 
pins have been added 
to enable 
the testability 
of each 


state in state-machine 
design. 
Typically, 
fora 
modulo-n 
counter 


or a state 
machine 
there 
are many 
unreachable 
states 
for the 


registers. 
These 
states, 
and the logic 
which 
controls 
them 
are 


untestable 
without 
a way to "set-in" 
the desired 
starting 
state of 


the 
registers. 
In addition, 
long 
test sequences 
are sometimes 
needed 
to test a state machine 
simply 
to reach those 
starting 
states 
which 
are 
legal. 
Since 
complete 
logic 
verification 
is 


needed to ensure 
the proper 
exit from "illegal" 
or unused 
states, 


a way to enter these states must be provided. 
The ability 
to pre- 


load a given 
bank of registers 
is provided 
in this device. 


To use the preload 
feature, 
several steps must be followed. 
First, 


a high 
level on an assertive-low 
output 
enable 
pin disables 
the 
outputs 
for that bank of registers. 
Next, the data to be loaded 
is 


presented 
at the output 
pins. This 
data is then 
loaded 
into the 


register 
by placing 
a low level on the PRELOAD 
pin. PRELOAD 
is asynchronous 
with 
respect 
to the clock. 


OE Yfff1fI'I1I:1l: 


Programmable 
Set and Reset 


(RA Family only) 


In each SMAC, two product 
lines are dedicated 
to asynchronous 


set and reset. If the set product 
line is high, the register 
output 


becomes 
a logic 
1. If the reset product 
line is high, the register 


output 
becomes 
a logic o. The operation 
of the programmable 
set and reset overrides 
the clock. 
Note that set and reset are in 
reference 
to the register, 
independent 
of polarity. 


Individually 
Programmable 
Register 
Bypass (RA Family only) 


If both 
the set and 
reset 
product 
lines 
are high, 
the sum-of- 
products 
bypasses 
the register 
and appears 
immediately 
at the 


output, 
thus making 
the output 
combinatorial. 
This allows 
each 


output 
to be configured 
in the registered 
or combinatorial 
mode. 


Programmable 
Clock 
(RA Family only) 


One of the product 
lines in each group 
is connected 
to the clock. 


This 
provides 
the 
user with 
the additional 
flexibility 
of a pro- 
grammable 
clock, 
so each output 
can be clocked 
independently 


of all the others. 


DESCRIPTION 
MAXIMUM 


FAMILY 
PART NUMBER 
PACKAGE 
OUTPUTS 
IpD" 
ICC 
INPUTS 
COMBINATORIAL 
REGISTERED 
ns 
mA 


PAL10H8 
10 
8 
- 
35 
PAL12H6 
12 
6 
- 
35 


PAL14H4 
14 
4 
- 
35 


Small 20 
PAL16H2 
20N, J, NL, 
16 
2 
- 
35 
PAL16C1 
16 
2 
- 
40 
90 
Combinatorial 
PAL 10L8 
F, L 
10 
8 
- 
35 
PAL12L6 
12 
6 
- 
35 
PAL14L4 
14 
4 
- 
35 


I 
PAL16l2 
16 
2 
- 
35 


I 


PAL10H8-2 
10 
8 
- 
PAL12H6-2 
12 
6 
- 
PAl14H4-2 
14 
4 
- 


Sma1l12D-2 
PAL16H2-2 
20N, J, NL, 
16 
2 
- 
PAL16C1-2 
16 
2 
- 
60 
45 
Combi 
atorial 
PAL 10L8-2 
F, L 
10 
8 
- 
PAL12L6-2 
12 
6 
- 
PAL14L4-2 
14 
4 
- 
PAL16L2-2 
16 
2 
- 


PAL 16L8 
16 
8 
- 


Medium 
20 
PAL16R8 
20N, J, NL 
16 
- 
8 
35 
180 
Standard 
PAL16R6 
16 
2 
6 
PAL16R4 
16 
4 
4 


PAL16L8A 
16 
8 
- 


Medium 
20A 
PAL16R8A 
20N, J, NL, 
16 
- 
8 
25 
180 
Stanqard 
PAL16R6A 
W,L 
16 
2 
6 
PAL16R4A 
16 
4 
4 


PAL16L8A-2 
16 
8 
- 


Medium 
20A-2 
PAL 16R8A-2 
20N, J, NL, 
16 
- 
8 
35 
90 
Standard 
PAL16R6A-2 
F, L 
16 
2 
6 
PAL16R4A-2 
16 
4 
4 


PAL16L8A-4 
16 
8 
- 


Medium 
20A-4 
PAL16R8A-4 
20N, J, NL, 
16 
- 
8 
55 
50 
Standard 
PAL16R6A-4 
F, L 
16 
2 
6 
PAL16R4A-4 
16 
4 
4 


PAL16L8B 
16 
8 
- 


Medium 
20B 
PAL16R8B 
20N, J, NL, 
16 
- 
8 
15 
180 
Stand 
rd 
PAL16R6B 
W,L 
16 
2 
6 
PAL16R4B 
16 
4 
4 


PAL16L8B-2 
16 
8 
- 


Medium 
20B-2 
PAL16R8B-2 
20N, J, NL, 
16 
- 
8 
25 
90 
Standard 
PAL16R6B-2 
W,L 
16 
2 
6 
PAL16R4B-2 
16 
4 
4 


PAL16L8B-4 
16 
8 
- 


Medium 
20B-4 
PAL16R8B-4 
20N, J, NL, 
16 
- 
8 
35 
55 
Standard 
PAL16R6B-4 
W,L 
16 
2 
6 
PAL16R4B-4 
16 
4 
4 


Medium 
20AP 
PAL16P8A 
16 
8 
- 


Programmable 
PAL16RP8A 
20N, J, NL 
16 
- 
8 
25/30"" 
180 
PAL16RP6A 
16 
2 
6 
Polarity 
PAL16RP4A 
16 
4 
4 


Large 20 
PAL16X4 
20N, J, NL, 
16 
4 
4 
40 
225 
Arithmetic 
PAL16A4 
F, L 
16 
4 
4 
240 


Large 20RA 
PAL16RA8 
20N, J, NL 
16 
- 
8 
30/35"" 
170 
Asynchronous 


* Minimum commercial 
tsu for devices with all registered outputs. 
* * Polarity 
fuse; programmed 
(active 
High). 


N = Plastic DIP 


NS = Plastic SKINNYOIP 
J 
= Ceramic DIP 


JS = Ceramic SKINNYDIP 


NL 
= Plastic Leaded Chip Carrier (PLCC) 


P = 
Pin Grid Array 


L = Leadless Chip Carrier (LCC) 
W 
= Cerpack 
F = Ceramic Solder Seal Flat Pack 


DESCRIPTION 
MAXIMUM 


FAMILY 
PART 
NUMBER 
PACKAGE 
OUTPUTS 
tpD* 
ICC 
INPUTS 
COMBINATORIAL 
REGISTERED 
ns 
mA 


PAL12L 10 
10 
10 
- 


PAL14L8 
14 
8 
- 


Small 24 
PAL16L6 
24NS, JS, W, 
16 
6 
- 
40 
100 
Combinatorial 
PAL18L4 
28NL,28L 
18 
4 
- 


PAL20L2 
20 
2 
- 


PAL2OC1 
20 
2 
- 


Small24A 
PAL6L16A 
24NS,JS, 
6 
16 
- 
25 
90 
Decoder 
PAL8L14A 
28NL 
8 
14 
- 


PAL20L8A 
20 
8 
- 


Medium 
24A 
PAL20R8A 
24NS,JS, 
W, 
20 
- 
8 
25 
210 
Standard 
PAL20R6A 
28NL,28L 
20 
2 
6 
PAL20R4A 
20 
4 
4 


PAL20L8A-2 
20 
8 
- 


Medium 
24A-2 
PAL20R8A-2 
24NS, JS, W, 
20 
- 
8 
35 
105 
Standard 
PAL20R6A-2 
28NL,28L 
20 
2 
6 
PAL20R4A-2 
20 
4 
4 


PAL20L8B 
20 
8 
- 
Medium 
24B 
PAL20R8B 
24NS, JS, W, 
20 
- 
8 
15 
210 
Standard 
PAL20R6B 
28NL,28L 
20 
2 
6 


PAL20R4B 
20 
4 
4 


PAL20L 10 
20 
10 
- 
165 
Medium 
24X 
PAL20X10 
24NS, JS, W, 
20 
- 
10 
50 
180 
Exclusive 
OR 
PAL20X8 
28NL,28L 
20 
2 
8 
180 
PAL20X4 
20 
4 
4 
180 


PAL20L10A 
20 
10 
- 
165 
Medium 
24XA 
PAL20X10A 
24NS, JS, W, 
20 
- 
10 
30 
180 
Exclusive 
OR 
PAL20X8A 
28NL,28L 
20 
2 
8 
180 
PAL20X4A 
20 
6 
4 
180 


Large 
24RS 
PAL20S10 
20 
10 
- 
35/40u 
240 


Shared 
PAL20RS10 
24NS, JS, W, 
20 
- 
10 
35 
240 


Product 
Terms 
PAL20RS8 
28NL,28L 
20 
2 
8 
35/40" 
240 
PAL20RS4 
20 
6 
4 
35/40u 
240 


Large 
24RA 
PAL20RA10 
24NS,JS, 
W, 
20 
- 
10 
30/35u 
200 
Asynchronous 
28NL,28L 


DESCRIPTION 
MAXIMUM 


FAMILY 
PART NUMBER 
PACKAGE 
tpD* 
ICC 
INPUTS 
REGISTERED 
OUTPUTS 
ns 
mA 


1500 Gates 
PAL32R16 
4ON, J, 44NL, 44L 
32 
16 
40/45u 
280 


5000 Gates 
PAL64R32 
88P,84L 
64 
32 
50/55u 
640 


* Minimum commercial 
tsu for devices with all registered outputs. 


** Polarity fuse programmed 
(active \Jligh). 


fMAX 
Parameters 


The parameter fMAX is the maximum speed at which the PAL 
device is gl,laranteed to operate. Because flexibility inherent to 
PALdevices allows a choice of clocked flip-flop designs, for the 
convenience of the user, fMAX for the B-speed devices is 
specified td address two major classes of synchronous designs. 


employed (Figure 1). Under these conditions, the frequency of 
operation is limited by the greater of the data setup time (tsu) or 
the minimum clock period (tw high + tw low). This parameter is 
designated fMAX (no feedback). 


For synchronous sequential designs, i.e.,state machines, where 
logical feedback is required, inputs to flip-flop data terminals 
originate from the device input pins or flip-flop outputs via the 
internal feeback paths (Figure 2). Under these conditions, fMAX 
is defined as the reciprocal of (tsu + telK) 
and is designated 
fMAX (feedback). 


The simplest type of synchronous design can be described as a 
data path application. In this case, data is presented to the data 
terminal of the flip-flop and clocked through; no feedback is 
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Standard PAL/HAL 
DevieeK 
Seri ••• 2n 


SYMBOL 
PARAMETER 
MiliTARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vcc 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
·C 


TC 
Operating 
case 
temperature 
125 
·C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
I, = 
-18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
= MAX 
VI = 
OAV 
-0.02 
-0.25 
mA 


I'H 
High-level 
input 
current 
VCC 
= 
MAX 
V, = 
2AV 
25 
IlA 


'I 
Maximum 
input 
current 
VCC 
= 
MAX 
VI = 
5.5V 
1 
mA 


MIL 
10L 
= 
SmA 


VOL 
Low-level 
output 
voltage 
VCC 
= 
MIN 
0.3 
0.5 
V 


COM 
10L 
= 
SmA 


MIL 
'OH 
= -2mA 


VOH 
HIgh-level 
output 
voltage 
VCC 
= 
MIN 
2A 
2.8 
V 
COM 
'OH 
= -3.2mA 


'05 
Output 
short-circuit 
current * * 
VCC 
= 
5V 
Vo 
= OV 
-30 
-70 
-130 
mA 


'CC 
Su pply 
current 
VCC 
- 
MAX 
55 
90 
mA 


PARAMETER 
TEST 
MiliTARY 
COMMERCiAl 


SYMBOL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
or feed- I 
Except 
16C1 
R1 = 5600 
25 
45 
25 
35 
tpo 
back to output I 
R2 = 1.1kO 
ns 


16C1 
25 
45 
25 
40 


Standard Half Power Series 20-2 


10HS-2, 12H8-2, 14H4-2, 18H2-2, 18C1-2, 10LS-2, 12L8-2, 14L4-2, 18L2-2 


SYMBOL 
PARAMETER 
MiliTARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
0 
75 
·c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC 
= 
MIN 
II = 
-18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
= 
MAX 
VI = O.4V 
-Q.02 
-0.25 
mA 


IIH 
High-level 
input 
current 
VCC 
= 
MAX 
VI = 
2.4V 
25 
IlA 


II 
Maximum 
input 
current 
VCC 
= 
MAX 
VI = 5.5V 
1 
mA 


Mil 
10L 
= 
4mA 


VOL 
Low-level 
output 
voltage 
VCC 
= 
MIN 
0.3 
0.5 
V 


Com 
10L 
= 
4mA 


Mil 
10H = 
-lmA 


VOH 
High-level 
output 
voltage 
VCC 
= 
MIN 
2.4 
2.8 
V 


Com 
10H 
" 
-lmA 


10S 
Output 
short~ircuit 
current * * 
VCC 
= 
5V 
Vo 
= 
OV 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC 
= MAX 
30 
4S 
mA 


SYMBOL 
PARAMETER 


MiliTARY 
COMMERCIAL 


TEST 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


R1 = 1.12kl1 
tpD 
Input 
or feedback 
to output 
45 
80 
45 
60 
ns 
R2 = 2.2kl1 


Standard PAL/HAL 
Devices Series 20 
16L8, 16R8, 16R6, 16R4, 16X4, 16A4 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
16X4/A4 
ONLY 
MIN 
TYP 
MAX 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
25 
10 
25 
10 


tw 
Width 
of clock 
ns 
High 
25 
10 
25 
10 


Set up time from 
16R8, 16R6, 16R4 
45 
25 
35 
25 
tsu 
ns 
input or feedback 
to clock 
16X4,16M 
55 
30 
45 
30 


th 
Hold time 
0 
-15 
0 
-15 
ns 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


liLt 
Low-level 
input current 
VCC = MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level 
input current 
VCC= 
MAX 
VI 
= 2.4 V 
25 
JJA 


II 
Maximum 
input current 
VCC= 
MAX 
VI 
= 5.5 V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC= 
MIN 
Mil 16X4/A4 
only 
10L = 12 mA 
0.3 
0.5 
V 


Com 
10L =24mA 


VOH 
High-level 
output 
voltage 
VCC= 
MIN 
Mil 16X4/M 
only 
10H = -2 mA 
2.4 
2.8 
V 


Com 
10H =-3.2 
mA 


10ZLt 
Vo 
= 0.4 V 
-100 
!J.A 


10ZHt 


Off-state 
output 
current 
VCC= 
MAX 
Vo 
=2.4V 
100 
!J.A 


10S** 
Output 
short-circuit 
current 
VCC=5V 
Vo 
=OV 
-30 
-70 
-130 
mA 


16R4, 16R6, 16R8, 16L8 
120 
180 


ICC 
Supply 
current 
VCC= 
MAX 
16X4 
160 
225 
mA 


16M 
170 
240 


TEST 
MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
CONDITIONS 
16X4/A4 
ONLY 
MIN 
TYP 
MAX 
UNIT 


MIN 
TYP 
MAX 


Input or feed- 
16R6, 16R4, 16L8 
25 
35 
tpo 
ns 
back to output 
16X4, 16M 
30 
45 
30 
40 


tCLK 
Clock 
to output 
or feedback 
15 
25 
15 
25 
ns 


tpzx 
Pin 11 to output 
enable 
except 
16L8 
15 
25 
15 
25 
ns 


tpxz 
Pin 11 to output 
disable 
except 
16L8 
15 
25 
15 
25 
ns 


Input to 
16R6, 16R4, 16L8 
R1 = 200 n 
25 
35 
tpzx 
output 
enable 
R2 = 390 n 
ns 


16X4,16M 
30 
45 
30 
40 


Input to 
16R6, 16R4, 16L8 
25 
35 
tpxz 
output 
disable 
ns 


16X4, 16M 
30 
45 
30 
40 


fMAX 


Maximum 
16R8, 16R6, 16R4 
16 
25 


frequency 
16X4,16M 
MHz 


12 
22 
14 
22 


Fast PAL/HAL Devices Series 20A 
18L8A,18R8A,18R8A,18R4A 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vcc 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
20 
10 
15 
10 
tw 
Width 
of clock 
ns 
High 
20 
10 
15 
10 


tsu 
Set up time 
from 
16R8A, 16R6A, 16R4A 
30 
15 
25 
15 
input 
or feedback 
to clock 
ns 


th 
Hold 
time 
0 
-10 
0 
-10 
ns 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
·C 


TC 
Operating 
case 
temperature 
125 
·C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V,L * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= 
MIN 
II = 
-18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current t 
VCC 
= 
MAX 
VI = O.4V 
-{).02 
-025 
mA 


I'H 
High-level 
input 
current t 
VCC 
= 
MAX 
VI = 
2.4V 
25 
IJA 


II 
Maximum 
input 
current 
VCC 
= 
MAX 
VI = 5.5V 
1 
mA 


Mil 
10L 
= 
12mA 


VOL 
Low-level 
output 
voltage 
VCC 
= 
MIN 
0.3 
0.5 
V 


Com 
10L 
= 
24mA 


Mil 
10H 
= -2mA 


VOH 
~,gh-Ievel 
output 
voltage 
VCC 
= 
MIN 
2.4 
2.8 
V 


Com 
10H = -3.2mA 


10ZL 
Vo 
= 0.4V 
-100 
IJA 


pff-state 
output 
current t 
VCC 
= 
MAX 


10ZH 
Vo 
= 
2.4V 
100 
IJA 


'05 
Output 
short-<:ircuit 
current * * 
VCC 
= 
5V 
Vo 
= OV 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC 
= 
MAX 
120 
180 
mA 


SYMBOL 
PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpo 
Irlput 
or feed- 
16R6A, 16R4A, 
16L8A 
15 
30 
15 
25 
ns 
back 
to output 


tCLK 
Olock 
to output 
or feedback 
10 
20 
10 
15 
ns 


tpzx 
Pin 11 to output 
enable except 
16L8A 
10 
25 
10 
20 
ns 


tpxz 
Pin 11 to output 
disable except 
16L8A 
R1 = 200 n 


11 
25 
11 
20 
ns 


tpzx 
11put to 
16R6A, 16R4A, 16L8A 
R2 = 390 n 
10 
30 
10 
25 
ns 
output 
enable 


tpxz 
Input 
to 
16R6A, 16R4A, 16L8A 
13 
30 
13 
25 
ns 
output 
disable 


fMAX 
Maximum 
20 
28.5 
MHz 
frequency 
16R8A, 16R6A, 16R4A 
40 
40 


H.lf Powe, S.,I •• 20A-2 
18L8A-2, 18R8A-2, 18R8A-2, 18R4A-2 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vcc 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
25 
10 
25 
10 
tw 
Width 
of clock 
ns 
High 
25 
10 
25 
10 


tsu 
Set up time 
from 
16R6A-2 
16R4A-2 
16R8A-2 
50 
25 
35 
25 
input 
or feedback 
to clock 
ns 


th 
Hold 
time 
a 
-15 
a 
-15 
ns 


TA 
Operating 
free-air 
temperature 
-55 
125 
a 
75 
·C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


V1H* 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= 
MIN 
II = 
-1BmA 
-0.8 
-15 
V 


IlL 
Low-level 
input 
current t 
VCC 
= 
MAX 
VI = 
O.4V 
-0.02 
-0.25 
mA 


IIH 
High-level 
input 
current t 
VCC 
= 
MAX 
VI = 
2.4V 
25 
IJA 


II 
Maximum 
input 
current 
VCC 
= 
MAX 
VI = 5.5V 
1 
mA 


Mil 
'OL 
= 
12mA 
VOL 
Low-level 
output 
voltage 
VCC 
= 
MIN 
0.3 
05 
V 


Com 
10L 
= 
24mA 


Mil 
10H 
= 
-2mA 


VOH 
High-level 
output 
voltage 
VCC 
= 
MIN 
24 
2.8 
V 
Com 
10H 
= -3.2mA 


lOll 
Vo 
= 0.4V 
-100 
IJA 


Off-state 
output 
current t 
VCC 
= 
MAX 


10lH 
Vo 
= 
2.4V 
100 
IJA 


'OS 
Output 
short-drcuit 
current * * 
VCC 
= 
5V 
Vo 
= 
OV 
-30 
-70 
-130 
mA 


'CC 
Supply 
current 
VCC 
= MAX 
60 
90 
mA 


TEST 
MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpo 
Input 
or feed- 
16L6A-2'16R6A-2 
16R4A-2 
25 
50 
25 
35 
ns 
back 
to output 


tCLK 
Clock 
to output 
or feedback 
15 
25 
15 
25 
ns 


tpXZlZX 
Pin 11 to output 
disable/enable 
except 
16L8A-2 
R1 = 2000 
15 
25 
15 
25 
ns 


tpzx 
Input 
to 
16LBA-2'16R6A-216R4A-2 
R2 = 3900 
25 
45 
25 
35 
ns 
output 
enable 


tpxz 
Input 
to 
16L8A-2 
16R6A-2 
16R4A-2 
25 
45 
25 
35 
ns 
output 
disable 


fMAX 
Maximum 
14 
25 
16 
25 
MHz 
frequency 
16RBA-2 
16R6A-2 
16R4A-2 


Quarter Power Serle. 
20A-4 


18L8A-4, 18R8A-4, 18R8A-4, 18R4A-4 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vcc 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Width 
of clock 
I Low 
40 
20 
30 
20 


tw 
I High 


ns 


40 
20 
30 
20 


tsu 
Set 
up time 
from 
j16R8A-4 
16R6A-4 
16R4A-4 
90 
45 
60 
45 


input 
or feedback 
to clock 
ns 


th 
Hold 
time 
0 
-15 
0 
-15 
ns 


TA 
Operating 
free-air 
temperature 
-55 
125 
0 
75 
·C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL " 
Low-level 
input voltage 
08 
V 


VIH " 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
II 
= -18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current t 
VCC 
= MAX 
VI 
= O.4V 
--0.02 -0.25 
mA 


IIH 
High-level 
input 
current t 
VCC 
= MAX 
VI 
= 2.4V 
25 
IlA 


II 
Maximum 
input 
current 
VCC 
= MAX 
VI 
= 5.5V 
1 
mA 


Mil 
10L 
= 
4mA 


VOL 
Low-level 
output 
voltage 
VCC 
= MIN 
0.3 
0.5 
V 


Com 
10L 
= 
8mA 


Mil 
10H 
= -1mA 


VOH 
High-level 
output 
voltage 
VCC 
= MIN 
2.4 
2.8 
V 
Com 
10H 
=-1 
mA 


10ZL 
Vo 
= 0.4V 
-100 
IlA 


Off-state 
output 
currentt 
VCC 
= MAX 


10ZH 
Vo 
= 2.4V 
100 
IlA 


10S 
Output 
short-circuit 
current"" 
VCC 
= 5V 
Vo 
= OV 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC 
= MAX 
30 
50 
mA 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
TEST 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
or feed- 
16R6A-4 
16R4A-4 
16L8A-4 
35 
55 
tpo 
35 
75 
ns 
back to output 


tCLK 
Clock 
to output 
or feedback 
20 
45 
20 
35 
ns 


tpXZlZX 
Pin 11 tooutputdisablelenable-except 
16L8A-4 
R1 = 8000 
15 
40 
15 
30 
ns 


Input 
to 
16R6A-4 
16R4A-4 
16L8A-4 
R2 = 1.56kO 
65 
30 
50 
tpzx 
30 
ns 
output 
enable 


tpxz 


Input 
to 
16R6A-4 
16R4A-4 
16L8A-4 
30 
30 
65 
50 
ns 
output 
disable 


r,aximum 


fMAX 
16R8A-4 
16R6A-4 
16R4A-4 
8 
18 
1'1 
18 
MHz 
requency 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


Low 
10 
6 
tw 
Width of clock 
ns 


High 
10 
5 


Setup time from 
16R8B 


tsu 
16R6B 
15 
10 
ns 
input or feedback to clock 
16R4B 


th 
Hold time 
0 
-10 
ns 


TA 
Operating free-air temperature 
0 
25 
75 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VIL* 
Low-level input voltage 
0.8 
V 


VIH* 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


lilt 
Low-level input current 
VCC = MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level input current 
VCC = MAX 
VI 
= 2.4 V 
25 
p.A 


II 
Maximum input current 
VCC = MAX 
VI 
=5.5V 
1 
mA 


VOL 
Low-level output voltage 
VCC = MIN 
10L =24mA 
0.3 
0.5 
V 


VOH 
High-level output voltage 
VCC = MIN 
10H = -3.2 mA 
2.4 
2.8 
V 


10zLt 
Va 
= 0.4 V 
-100 
p.A 


10ZHt 
Off-state output current 
VCC = MAX 
Va 
=2.4 V 
100 
p.A 


10S** 
Output short-circuit current 
VCC = 5 V 
Va 
=OV 
-30 
-70 
-130 
mA 


ICC 
Supply current 
VCC = MAX 
120 
180 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


tpo 
16L8B, 16R4B, 16R6B input or feedback to output 
12 
15 
ns 


tCLK 
Clock to output or feedback except 16L8B 
8 
12 
ns 


tpzx 
Pin 11 to output enable except 16L8B 
Commercial 
10 
15 
ns 


tpxz 
Pin 11 to output disable except 16L8B 
Rl = 200!1 
10 
15 
ns 


tpzx 
Input to output enable 
16R6B, 16R4B,and 16L8B 
R2 = 360!1 
12 
22 
ns 


tpxz 
Input to output disable 
16R6B, 16R4B,and 16L8B 
12 
20 
ns 


16R8B, 16R6B, 16R4B 
Feedback 
37 
45 
fMAX 
Maximum frequency 
MHz 


No feedback 
50 
55 


T 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 


MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


I 
Low 
15 
10 


tw 
Width 
of clock 
ns 


High 
15 
10 


setup 
time from 
16R8B-2 
tsu 
input or feedback 
to clock 
16R6B-2 
25 
15 
ns 


16R4B-2 


th 
Hold time 
0 
-10 
ns 


TA 
Operating 
free-air 
temperature 
0 
25 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


V,C 
Input 
clamp 
voltage 
VCC 
= MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


lilt 
Low-level 
input current 
VCC 
= MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level 
input 
current 
VCC 
= MAX 
VI 
=2.4 
V 
25 
p.A 


11 
Maximum 
input current 
VCC 
= MAX 
VI 
= 5.5 V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC 
= MIN 
10L 
=24mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC 
= MIN 
10H = -3.2 mA 
2.4 
2.8 
V 


10ZLt 
Vo 
= 0.4 V 
-100 
p.A 
Off-state 
output 
current 
VCC 
= MAX 
10ZHt 
Vo 
=2.4 
V 
100 
p.A 


10S ** 
Output 
short-circuit 
current 
VCC 
=5V 
Vo 
=OV 
-30 
-100 
-250 
mA 


ICC 
Supply 
current 
VCC 
= MAX 
60 
90 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 


CONDITIONS 
MIN 
TYP 
MAX 


tpo 
Input or feedback 
to output 
16L8B-2, 
16R4B-2, and 16R6B-2 
17 
25 
ns 


tCLK 
Clock 
to output 
or feedback 
except 
16L8B-2 
10 
15 
ns 


tpzx 
Pin 11 to output 
enable 
except 
16L8B-2 
Commercial 
10 
20 
ns 


tpxz 
Pin 11 to output 
disable 
except 
16L8B-2 
R1 = 200 0 
11 
20 
ns 


tpzx 
Input to output 
enable 
16R6B-2, 
16R4B-2, 
and 16L8B-2 
R2 = 3900 
10 
25 
ns 


tpxz 
Input 
to output 
disable 
16R6B-2, 
16R4B-2, 
and 16L8B-2 
13 
25 
ns 


fMAX 
Maximum 
frequency 
16R8B-2, 
16R6B-2, 
and 16R4B-2 
28.5 
40 
MHz 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


Low 
25 
10 
tw 
Width of clock 
ns 
High 
25 
10 


Setup time from 
16R8B-4 
tsu 
16R6B-4 
35 
25 
ns 
input or feedback to clock 
16R4B-4 


th 
Hold time 
0 
-10 
ns 


TA 
Operating free-air temperature 
0 
25 
75 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


V,L* 
low-level input voltage 
0.8 
V 


VIH* 
High-level input voltage 
2 
V 


V,C 
Input clamp voltage 
VCC = MIN 


" 
= -18 mA 
-0.8 
-1.5 
V 


',d 
low-level input current 
VCC = MAX 
VI 
=0.4V 
-0.02 
-0.25 
mA 


IIHt 
High-level input current 
VCC = MAX 
V, 
= 2.4 V 
25 
p,A 


" 
Maximum input current 
VCC = MAX 
V, 
= 5.5 V 
1 
mA 


VOL 
low-level output voltage 
VCC = MIN 
'OL =8mA 
0.3 
0.5 
V 


VOH 
High-level output voltage 
VCC = MIN 
'OH=-1mA 
2.4 
2.8 
V 


'ozd 
Va 
= 0.4 V 
-100 
p,A 
Off-state output current 
VCC = MAX 
'OZHt 
Va 
= 2.4 V 
100 
p,A 


'OS** 
Output short-circuit current 
VCC = 5 V 
Va 
=OV 
-30 
-100 
-250 
mA 


'CC 
Supply current 
VCC = MAX 
30 
55 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


tpo 
Input or feedback to output 16l8B-4, 16R4B-4,and 16R6B-4 
25 
35 
ns 


tClK 
Clock to output or feedback except 16l8B-4 
15 
25 
ns 


tpzx 
Pin 11 to output enable except 16l8B-4 
15 
25 
ns 


tpxz 
Pin 11 to output disable except 16l8B-4 
R1 = 8000 
15 
25 
ns 
R2 = 1.56K 0 
tpzx 
Input to output enable 16R6B-4, 16R4B-4,and 16L8B-4 
25 
35 
ns 


tpxz 
Input to output disable 16R6B-4, 16R4B-4,and 16L8B-4 
25 
35 
ns 


fMAX 
Maximum frequency 16R8B-4, 16R6B-4,and 16R4B-4 
16 
25 
MHz 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


low 
20 
14 


tw 
Width 
of clock 
ns 


High 
10 
6 


Setup time from 
input 
16RP8A 
I Polarity 
fuse intact 
25 
15 


tsu 
or feedback 
to clock 
16RP6A 


I Polarity 
fuse blown 


ns 


16RP4A 
30 
20 


th 
Hold time 
0 
-10 
ns 


TA 
Operating 
free-air 
temperature 
0 
75 
°c 


TC 
Operating 
case temperature 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


Vil * 
low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


lilt 
low-level 
input current 
VCC= 
MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level 
input 
current 
VCC = MAX 
VI 
= 2.4 V 
25 
/lA 


II 
Maximum 
input current 
VCC= 
MAX 
VI 
= 5.5 V 
1 
mA 


VOL 
I 
low-level 
output 
voltage 
VCC= 
MIN 
10l 
= 24mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC= 
MIN 
10H= 
-3.2mA 
2.4 
2.8 
V 


10Zlt 
I 
Vo 
= 0.4 V 
-100 
/lA 


10ZHt 


Off-state 
output 
current 
VCC= 
MAX 


I 
Vo 
= 2.4 V 
100 
/lA 


10S ** 
Output 
short-circuit 
current 
VCC = 5 V 
Vo 
= 0 V 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC = MAX 
120 
180 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


Input or feedback 
Polarity 
fuse intact 
15 
25 
tpD 
to output 
ns 
16P8A, 16RP6A, 
16RP4A 
Polarity 
fuse blown 
20 
30 


tClK 
Clock 
to output 
or feedback 
10 
15 
ns 


tpzx 
Pin 11 to output 
enable except 
16P8A 
10 
20 
ns 


tpxz 
Pin 11 to output 
disable 
except 
16P8A 
R1 = 200 n 
11 
20 
ns 
R2 = 390 Kn 


tpzx 
Jnputto 
16RP6A,16RP4A, 
10 
25 
ns 
output 
enable 
and 16P8A 


tpxz 
Input to 
16RP6A,16RP4A, 
13 
25 
ns 
output 
disable 
and 16P8A 


tAaximum 
frequency 
Polarity 
fuse intact 
28.5 
40 


fMAX 
I 16RP8A, 
16RP6A, 
16RP4A 
MHz 
Polarity 
fuse blown 
25 
33 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


tw 
Width 
of clock 
20 
13 
ns 


twp 
Preload 
pulse width 
35 
15 
ns 


tsu 
Setup time for input or feedback 
to clock 
20 
10 
ns 


tsup 
Preload 
setup time 
25 
5 
ns 


I 
Polarity 
fuse intact 
10 
-2 
th 
Hold time 
I 


ns 


Polarity 
fuse blown 
0 
-6 


thp 
Preload 
hold time 
25 
5 
ns 


TA 
Operating 
free-air 
temperature 
0 
75 
°c 


TC 
Operating 
case temperature 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input current 
VCC= 
MAX 
VI 
=0.4V 
-0.02 
-0.25 
mA 


IIH 
High-level 
input current 
VCC= 
MAX 
VI 
= 2.4 V 
25 
JlA 


II 
Maximum 
input current 
VCC = MAX 
VI 
= 5.5 V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC= 
MIN 
'OL 
=8 mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC = MIN 
10H =-3.2 
mA 
2.4 
2.8 
V 


10Z 
Off-state 
output 
current 
VCC= 
MAX 
Vo 
= 2.4 VNO 
= 0.4 V 
-100 
100 
jJ.A 


10S 
Output 
short-circuit 
current 
VCC= 
5V 
Vo = 0 V 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC = MAX 
135 
170 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


Input or feedback 
I Polarity 
fuse intact 
20 
30 
tPD 
to output 
I Polarity 
fuse blown 


ns 
25 
35 


tCLK 
Clock 
to output 
or feedback 
10 
17 
30 
ns 


ts 
Input to asynchronous 
set 
22 
35 
ns 


tR 
Input to asynchronous 
reset 
Rl 
= 560 (1 
27 
40 
ns 


tpzx 
Pin 11 to output 
enable 
R2 = 1.1 K(1 
10 
20 
ns 


tpxz 
Pin 11 to output 
disable 
10 
20 
ns 


tpzx 
Input to output 
enable 
18 
30 
ns 


tpxz 
Input 
to output 
disable 
15 
30 
ns 


fMAX 
Maximum 
frequency 
20 
35 
MHz 


Standard PAL/HAL DevicesSeries 24 
12L10,14L8,16L6,18L4,20L2,20C1 


PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
·C 


TC 
Operating 
case 
temperature 
125 
·C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= 
MIN 
II = -18mA 
-0.8 
-1.5 
V 


IlL 
L6w-level 
input 
current 
VCC 
= 
MAX 
VI = 0.4V 
-0.02 
-0.25 
mA 


IIH 
High-level 
input 
current 
VCC 
= 
MAX 
VI = 
2.4V 
25 
pA 


II 
~aximum 
input 
current 
VCC 
= 
MAX 
VI = 5.5V 
1 
mA 


MIL 
10L 
= 
SmA 


VOL 
Low-level 
output 
voltage 
VCC 
= 
MIN 
0.3 
0.5 
V 


COM 
10L 
= 
8mA 


MIL 
10H 
= -2mA 


VOH 
H gh-Ievel 
output 
voltage 
VCC 
= 
MIN 
2.4 
2.8 
V 
COM 
10H = -3.2mA 


10S 
OfJtput 
short-{;ircuit 
current * * 
VCC 
= 
5V 
Vo 
= 
OV 
-30 
-70 
-130 
mA 


ICC 
Su pply 
current 
VCC 
= MAX 
60 
100 
mA 


PARAMETER 


TEST 
MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


R1 = 5600 


25 
45 
25 
40 
tpo 
Input 
or feedback 
to output 
R2 = 1.1kO 
ns 


I SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


I 
Vee 
Supply 
voltage 
4.75 
5 
525 
V 


I 
TA 
Operating 
free-air 
temperature 
0 
25 
75 
°e 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


VIL* 
Low-level 
input 
voltage 
0.8 
V 


VIH* 
High-level 
input voltage 
2 
V 


Vie 
Input clamp voltage 
Vee 
= MIN 
1,=-18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input current 
Vee 
= MAX 
VI = 0.4 V 
-0.02 
-0.25 
mA 


IIH 
High-level 
input current 
Vee 
= MAX 
VI = 2.4 V 
25 
p.A 


II 
Maximum 
input 
current 
Vee 
= MAX 
VI=5.5V 
1 
mA 


VOL 
Low-level 
output 
voltage 
Vee 
= MIN 
10L = 8 mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
Vee 
= MIN 
'OH = -3.2 
mA 
2.4 
2.8 
V 


10S ** 
Output 
short-circuit 
current 
Vee 
= 5V 
Vo = 0 V 
-30 
-70 
-130 
mA 


Ice 
Supply 
current 
VCC = MAX 
60 
90 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


tpo 
Input to output 
propagation 
delay 
R1 = 560 II 
15 
25 
R2 = 1.1 Kll 
ns 


Fast5.rl•• 24A 
20L8A,20R8A,20R8A,20R4A 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vcc 
Supply 
voltag,~ 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
20 
7 
15 
7 
tw 
Width 
of clock 
ns 


High 
20 
7 
15 
7 


tsu 
Set up time 
from 
20R8A 
20R6A 
20R4A 
30 
15 
25 
15 
input 
or feedback 
to clock 
ns 


th 
Hold 
time 
0 
-10 
0 
-10 
ns 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
·C 


TC 
Operating 
case 
temperature 
125 
·C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL * 
\ Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


VIC 
'Input 
clamp 
voltage 
VCC 
= 
MIN 
II = 
-18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current t 
VCC 
= 
MAX 
VI = 
OAV 
-0.02 
-0.25 
mA 


IIH 
High-level 
input 
current t 
VCC 
= 
MAX 
VI = 
2AV 
25 
IJA 


II 
Maximum 
input 
current 
VCC 
= 
MAX 
VI = 5.5V 
1 
mA 


Mil 
10L 
= 
12mA 


VOL 
Low-level 
output 
voltage 
VCC 
= 
MIN 
0.3 
0.5 
V 


Com 
10L 
= 
24mA 


I 


Mil 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VCC 
= 
MIN 
2.4 
2.8 
V 


I 


Com 
10H 
= -3.2mA 


10ZL 
Vo 
= 0.4V 
-100 
IJA 


Off-state 
output 
current t 
VCC 
= 
MAX 


10ZH 
Vo 
= 
2.4V 
100 
IJA 


10S 
Output 
short-drcuit 
current * * 
VCC 
= 
5V 
Vo 
= 
OV 
-30 
-90 
-130 
mA 


ICC 
Supply 
current 
VCC 
= MAX 
160 
210 
mA 


PARAMETER 
TEST 
MiliTARY 
COMMERCIAL 
UNIT 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpo 
'r put or feed- 
20R6A 2OR4A 20L8A 
15 
30 
15 
25 
ns 
liack 
to output 


tCLK 
Clock 
to output 
or feedback 
10 
20 
10 
15 
ns 


tpzx 
Pin 13 to output 
enable 
except 
2OL8A 
10 
25 
10 
20 
ns 


tpxz 
Pin 13 to output 
disable 
except 
2OL8A 
R1 = 2000 


11 
25 
11 
20 
ns 


tpzx 
Input 
to 
20R6A 20R4A 2OL8A 
R2 = 3900 
10 
30 
10 
25 
ns 
output 
enable 


tpxz 
Input 
to 
20R6A 20R4A 20L8A 
13 
30 
13 
25 
ns 
output 
disable 


fMAX 


~aximum 
2OR8A 2OR6A 20R4A 
20 
40 
28.5 
40 
MHz 
frequency 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


Low 
25 
10 
tw 
Width 
of clock 
ns 
High 
25 
10 


tsu 
setup 
time from 
20R8A-2, 
20R6A-2, 
20R4A-2 
35 
25 
ns 
input or feedback 
to clock 


th 
Hold time 
0 
-15 
ns 


TA 
Operating 
free-air 
temperature 
0 
25 
75 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH. 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


liLt 
Low-level 
input current 
VCC= 
MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level 
input current 
VCC= 
MAX 
VI 
= 2.4 V 
25 
IJA 


II 
Maximum 
input current 
VCC= 
MAX 
VI 
= 5.5 V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC= 
MIN 
10L =24mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC= 
MIN 
10H =-3.2 
mA 
2.4 
2.8 
V 


10ZLt 
I 
Va 
= 0.4 V 
-100 
IJA 


10ZHt 
Off-state 
output 
current 
VCC= 
MAX 
I 
Va 
= 2.4 V 
100 
IJA 


10S.. 
Output 
short-circuit 
current 
VCC= 
5V 
Va 
=OV 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC= 
MAX 
80 
105 
mA 


SYMBOL 
PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpD 
Input 
or feedback 
to output 
25 
50 
25 
35 
ns 
20L8A-2 
20R6A-2 
20R4A-2 


tCLK 
Clock 
to output 
or feedback 
except 
2OL8A-2 
15 
25 
15 
25 
ns 


tpXZlZX 
Pin 13 to output 
disable/enable 
except 
15 
25 
15 
25 
ns 
20L8A-2 
Commercial 


tpzx 
Input to output 
enable 
R1 = 200 n 
25 
45 
25 
35 
ns 
20L8A-2 
20R6A-2 
20R4A-2 
R2 = 390!l 


tpxz 
Input to output 
disable 
25 
45 
25 
35 
ns 
2OL8A-2 2OR6A-2 2OR4A-2 


fMAX 
Maximum 
frequency 
14 
19 
16 
19 
MHz 
2OR8A-2 2OR6A-2 2OR4A-2 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


I 
Low 
10 
6 


tw 
Width of clock 
I 
ns 
High 
20R8B,20R68.20R48 
12 
8 


tsu 
Setup time from input 
15 
10 
ns 
or feedback to clock 


th 
Hold time 
0 
-10 
ns 


TA 
Operating free-air temperature 
0 
25 
75 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VIL* 
Low-level input voltage 
0.8 
V 


VIH* 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


lilt 
Low-level input current 
VCC = MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level input current 
VCC = MAX 
VI 
= 2.4 V 
25 
IJA 


II 
Maximum input current 
VCC = MAX 
VI 
= 5.5 V 
1 
mA 


VOL 
Low-level output voltage 
VCC = MIN 
10L =24mA 
0.3 
0.5 
V 


VOH 
High-level output voltage 
VCC = MIN 
10H =-3.2mA 
2.4 
2.8 
V 


10zLt 
Vo 
= 0.4 V 
-100 
IJA 
Off-state output current 
VCC = MAX 
10ZHt 
Vo 
= 2.4 V 
100 
IJA 


10S** 
Output short-circuit current 
VCC =5V 
Vo 
=OV 
-30 
-70 
-130 
mA 


ICC 
Supply current 
VCC = MAX 
140 
210 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


tPD 
Input or feedback to output 
12 
15 
ns 
20L88.20R68.20R48 


!eLK 
Clock to output or feedback except 20L88 
8 
12 
ns 


tpzx 
Pin 13 to output enable except 20L88 
Commercial 
10 
15 
ns 


tpxz 
Pin 13 to output disable except 20L8B 
R1 = 2oo!1 
8 
12 
ns 


tpzx 
Input to output enable 
R2 = 390!1 
12 
18 
ns 
20R68.20R48.20L88 


tpxz 
Input to output disable 
12 
15 
ns 
20R68.20R48.20L88 


Maximum frequency 
I 
Feedback 
37 
40 


fMAX 
MHz 
20R8B,20R6B.20R4B 
I 
No feedback 
45 
50 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
40 
20 
35 
20 
tw 
Width 
of clock 
ns 
High 
30 
10 
25 
10 


tsu 
Set up time 
from 
60 
38 
50 
38 


input 
or feedback 
to clock 
20X10,20X8,20X4 
ns 


th 
Hold 
time 
0 
-15 
0 
-15 
ns 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case 
temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V,L * 
Low-level 
input voltage 
08 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC 
= 
MIN 
II = 
-18mA 
-0.8 
-1.5 
V 


IlL 
Low-Ieve! 
input 
current t 
VCC 
= 
MAX 
VI = 
O.4V 
-0.02 
-025 
mA 


IIH 
High-level 
input 
current t 
VCC 
= 
MAX 
VI = 
2.4V 
25 
pA 


I, 
Maximum 
input 
current 
VCC 
= 
MAX 
V, = 5.5V 
1 
mA 


Mil 
'OL 
= 
12mA 


VOL 
low-level 
output 
voltage 
VCC 
= 
MIN 
0.3 
0.5 
V 


Com 
10L 
= 24mA 


Mil 
'OH 
= -2mA 


VOH 
High-level 
output 
voltage 
VCC 
= 
MIN 
2.4 
2.8 
V 


Com 
10H 
= -3.2mA 


10ZL 
Vo 
= O.4V 
-100 
pA 


Off-state 
output 
current t 
VCC 
= 
MAX 


10ZH 
Vo 
= 
2.4V 
100 
pA 


'OS 
Output 
short-drcuit 
current * * 
VCC 
= 
5V 
Vo 
= 
OV 
-30 
-70 
-130 
mA 


ICC 
Su pply 
current 
VCC 
= MAX 
20X10 
20X8 
20X4 
120 
180 
mA 


ICC 
Supply 
current 
VCC 
= 
MAX 
20L10 
90 
165 
mA 


PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpo 
Input or feedback 
to output 
35 
60 
35 
50 
ns 
20X8, 20X4, 20LlO 


tCLK 
Clock 
to output 
or feedback 
except 
20L 10 
20 
35 
20 
30 
ns 


tpXZ/ZX 
Pin 13 to output 
disable/enable 
except 
20L 10 
R1 = 200 n 
20 
45 
20 
35 
ns 


tpzx 
Input 
to output 
enable 
except 
2OX10 
R2 = 390 n 
35 
55 
35 
45 
ns 


tpxz 
Input 
to output 
disable 
except 
2OX10 
35 
55 
35 
45 
ns 


fMAX 


Maximum 
frequency 
10.5 
16 
12.5 
16 
MHz 
20X10,20X8,20X4 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


Low 
25 
15 


tw 
Width 
of clock 
ns 


High 
15 
7 


setup 
time from 
20Xl0A 


tsu 
input 
or feedback 
to clock 
20X8A 
30 
20 
ns 
20X4A 


th 
Hold time 
0 
-15 
ns 


TA 
Operating 
free-air 
temperature 
0 
25 
75 
·C 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
II 
= -18 
mA 
-0.8 
-1.5 
V 


liLt 
Low-level 
input 
current 
VCC 
= MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level 
input 
current 
VCC = MAX 
VI 
=2.4 
V 
25 
J.LA 


II 
Maximum 
input current 
VCC 
= MAX 
VI 
= 5.5 V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC 
= MIN 
10L 
=24mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC 
= MIN 
10H = -3.2 
mA 
2.4 
2.8 
V 


10zLt 
Va 
= 0.4 V 
-100 
J.LA 
Off-state 
output 
current 
VCC 
= MAX 
10ZHt 
Va 
= 2.4 V 
100 
J.LA 


10S ** 
Output 
short-circuit 
current 
VCC =5V 
Va 
=OV 
-30 
-70 
-130 
mA 


20Xl0A,20X8A,20X4A 
140 
180 
ICC 
Supply 
current 
VCC = MAX 
mA 
20L10A 
115 
165 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


tpD 
Input 
or feedback 
to output 
20L lOA, 20X8A, and 20X4A 
23 
30 
ns 


tCLK 
Clock 
to output 
or feedback 
10 
15 
ns 


tpzx 
Pin 13 to output 
enable 
except 
20L lOA 
Commercial 
11 
20 
ns 


tpxz 
Pin 13 to output 
disable 
except 
20L lOA 
R1 = 200 n 
10 
20 
ns 


tpzx 
Input to output 
enable 
20X8A, 20X4A, and 20L lOA 
R2 = 360n 
19 
30 
ns 


tpxz 
Input to output 
disable 
2OXBA, 
20X4A, and 20L lOA 
15 
30 
ns 


fMAX 
Maximum 
frequency 
20Xl0A, 
20X8A, and 20X4A 
22.2 
32 
MHz 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
20 
10 
15 
10 
tw 
Width 
of clock 
ns 


High 
20 
10 
15 
10 


Setup 
time 
from 
input 
20RS10 


tsu 
20RS8 
40 
25 
35 
25 
ns 
or feedback 
to clock 
20RS4 


th 
Hold 
time 
0 
-10 
0 
-10 
ns 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


VIL * 
Low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC = MIN 
II 
= 
-18mA 
-0.8 
-1.5 
V 


liLt 
Low-level 
input current 
VCC= 
MAX 
VI = 0.4 V 
-0.02 
-0.25 
mA 


IIHt 
High-level 
input current 
VCC = MAX 
VI = 2.4 V 
25 
IJ.A 


II 
Maximum 
input current 
VCC = MAX 
VI = 5.5 V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC = MIN 
Mil 
IOL 
= 12mA 
0.3 
0.5 
V 


Com 
IOL 
= 24mA 


Mil 
IOH = -2mA 
VOH 
High-level 
output 
voltage 
VCC = MIN 
2.4 
2.8 
V 


Com 
10H = -3.2 
mA 


10ZLt 
Va 
= 0.4 V 
-100 
IJ.A 
Off-state 
output 
current 
VCC = MAX 


'OZHt 
Va 
= 2.4mA 
100 


105 ** 
Output 
short-circuit 
current 
VCC = 5V 
Va 
=OV 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC = MAX 
175 
240 
mA 


SYMBOL 
PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input or feedback 
Polarity 
fuse intact 
25 
40 
25 
35 


tpD 
to output 
ns 


20S10,20RSB,20RS4 
Polarity 
fuse blown 
30 
45 
30 
40 


tCLK 
Clock 
to output 
or feedback 
Commercial 
12 
20 
12 
17 
R1 = 200 n 
ns 


tpzx 
Pin 13 to output 
enable 
except 
20510 
R2 = 390 Kn 
10 
25 
10 
20 
ns 


tpxz 
Pin 13 to output 
disable 
except 
20S10 
11 
25 
11 
20 
ns 


tpzx 
Input to 
20S10,20RSB, 


25 
35 
25 
35 
ns 
output 
enable 
20RS4 


tpxz 


Input to 
20S10,20RSB 
Military 
13 
30 
13 
25 
ns 
output 
disable 
20RP4 
R1 = 390 n 


fMAX 
Maximum 
frequency 
20RS10,20RSB,20RS4 
R2 = 750 n 
18 
28 
20 
28 
MHz 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 
TYP 
MAX 
MIN 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 
, 


I 
Low 
25 
13 
20 
13 
tw 
Width of clock 
I 
ns 
High 
25 
13 
20 
13 


twp 
Preload pulse width 
45 
15 
35 
15 
ns 


tsu 
Setup time for input or feedback to clock 
25 
10 
20 
10 
ns 


tsup 
Preload setup time 
30 
5 
25 
5 
ns 


I 
Polarity fuse intact 
10 
-2 
10 
-2 
th 
Hold time 
I 
ns 
Polarity fuse blown 
0 
-6 
0 
-6 


thp 
Preload hold time 
30 
5 
25 
5 
ns 


TA 
Operating free-air temperature 
-55 
0 
75 
°c 


TC 
Operating case temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


VIL. 
Low-level input voltage 
0.8 
V 


VIH. 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II = -18 mA 
-0.8 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.02 -0.25 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = 2.4 V 
25 
~A 


II 
Maximum input current 
VCC = MAX 
VI = 5.5 V 
1 
mA 


VOL 
Low-level output voltage 
VCC = MIN 
10L 
= 8mA 
0.3 
0.5 
V 


VOH 
High-level output voltage 
VCC = MIN 
10H: Mil-2 mA Com-3.2 mA 
2.4 
2.8 
V 


10Z 
Off-state output current 
VCC = MAX 
Va = 2.4 VNO = 0.4 V 
-100 
100 
~A 


10S.. 
Output short-circuit 
current 
VCC = 5 V 
Va = 0 V 
-30 
-70 
-130 
mA 


ICC 
Supply current 
VCC = MAX 
155 
200 
mA 


SYMBOL 
PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN TYP MAX 
MIN TYP MAX 
I Polarity fuse intact 
20 
35 
20 
30 
tpD 
Input or feedback to output I 
ns 
Polarity fuse blown 
25 
40 
25 
35 


tCLK 
Clock to output or feedback 
10 
17 
35 
10 
17 
30 
ns 


ts 
Input to asynchronous 
set 
22 
40 
22 
35 
ns 


tR 
Input to asynchronous 
reset 
27 
45 
27 
40 
ns 


tpzx 
Pin 13 to output enable 
R1 = 5600 
10 
25 
10 
20 
ns 


tpxz 
Pin 13 to output disable 
R2=1.1KO 
10 
25 
10 
20 
ns 


tpzx 
Input to output enable 
18 
35 
18 
30 
ns 


tpxz 
Inpullo 
oUlput disable 
15 
35 
15 
30 
ns 


fMAX 
Maximum frequency 
16 
35 
20 
35 
MHz 


MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


I 
Low 
25 
20 
tw 
Width of clock 
I 
ns 


High 
25 
20 


twp 
Preload pulse width 
45 
35 
ns 
I 
Polarity fuse intact 
50 
40 
tsu 
Setup time for input to clock 
I 


ns 


Polarity fuse blown 
50 
40 


tsup 
Preload setup time 
30 
25 
ns 


th 
Hold time 
0 
-10 
0 
-10 
ns 


thp 
Preload hold time 
10 
5 
ns 


TA 
Operating free-air temperature 
-55 
0 
75 
°c 


TC 
Operating case temperature 
125 
. 
°c 


SYMBOL 
PARAMETER 
TEST CONDITION 
MIN TYP MAX 
UNIT 


VIL" 
low-level 
input voltage 
0.8 
V 


VIH" 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II = -18 mA 
-0.8 
-1.5 
V 


III 
low-level 
input current 
VCC = MAX 
VI = 0.4 V 
-0.02 -0.25 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = 2.4 V 
25 
!J.A 


II 
Maximum input current 
VCC = MAX 
VI = 5.5 V 
1 
mA 


Mil 
10l 
= 8mA 


VOL 
low-level 
output voltage 
VCC = MIN 
0.3 
0.5 
V 


Com 
10l 
= 8mA 


Mil 
10H = -2mA 
VOH 
High-level output voltage 
VCC = MIN 
2.4 
2.8 
V 


Com 
10H = -3.2mA 


10Zl 
Vo 
= 0.4 V 
-100 
!J.A 


10ZH 


Off-state output current 
VCC = MAX 
Vo 
= 2.4 V 
100 
!J.A 


10S"" 
Output short-circuit 
current 
VCC = MAX 
Vo 
=OV 
-30 
-70 
-130 
mA 


ICC 
Supply current 
VCC = MAX 
200 
280 
mA 


SYMBOL 
PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tpo 
I 
Polarity fuse intact 
50 
40 


Input to output 
ns 


I 
Polarity fuse blown 
55 
45 


tClK 
Clock to output or feedback 
30 
25 
ns 


tpzx 
Output enable 
R1 = 560 n 
25 
20 
ns 
R2= 1.1 Kn 


tpxz 
Output disable 
25 
20 
ns 


fMAX 
Maximum frequency 
14 
16 
MHz 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


low 
20 


tw 
Width 
of clock 
ns 


High 
20 


Polarity 
fuse intact 
40 


tsu 
Setup time from 
input 
to clock 
ns 


Polarity 
fuse blown 
40 


th 
Hold time 
0 
-10 
ns 


TA 
Operating 
free-air 
temperature 
0 
75 
·C 


TC 
Operating 
case temperature 
·C 


SYMBOL 
PARAMETER 
TEST CONDITION 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


Vil * 
low-level 
input voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC = MIN 
II 
= -18 
mA 
-0.8 
-1.5 
V 


III 
low-level 
input current 
VCC = MAX 
VI 
= 0.4 V 
-0.02 
-0.25 
mA 


IIH 
High-level 
input current 
VCC= 
MAX 
VI 
= 2.4 V 
25 
IJA 


II 
Maximum 
input current 
VCC = MAX 
VI 
= 5.5 V 
1 
mA 


Val 
low-level 
output 
voltage 
VCC = MIN 
10l 
= 8mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC = MIN 
10H = -0.4 mA 
2.4 
2.8 
V 


'OZl 
Va 
= 0.4 V 
-100 
IJA 
Off-state 
output 
current 
VCC = MAX 
10ZH 
Va 
= 2.4 V 
100 
IJA 


'OS ** 
Output 
short-circuit 
current 
VCC = 5 V 
Va 
=OV 
-10 
-40 
-60 
mA 


ICC 
Supply 
current 
VCC = MAX 
400 
640 
mA 


SYMBOL 
PARAMETER 
TEST 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 


I Polarity 
fuse intact 
50 
tpo 
Input to output 
I Polarity 
fuse blown 
ns 
55 


tClK 
Clock 
to output 
or feedback 
22 
ns 


tpzx 
Output 
enable 
Rl 
= 5600 
30 
ns 
R2 = 1.1 K!l 


tpxz 
Output 
disable 
30 
ns 


tpRH 
Preset to output 
35 
ns 


fMAX 
Maximum 
frequency 
16 
20 
MHz 


Monollthlo W MelDories 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 


twp 
Preload 
pulse width 
35 
ns 


tsup 
Preload 
setup time 
50 
ns 


thp 
Preload 
hold time 
5 
ns 


tpRW 
Preset pulse width 
25 
ns 


tpRR 
Preset recovery 
time 
35 
ns 


Output Register PRELOAD 


The PRELOAD 
function 
allows 
the register 
to be loaded 
from 


data 
placed 
on the 
output 
pins. 
This 
feature 
aids 
functional 


testing 
of seq 
ential designs 
by allowing 
direct setting 
of output 
states. The procedure 
for PRELOAD 
is as follows: 


Series20PA 


1. Raise VCC to 4.5 V. 


2. Disable 
outfut 
registers 
by setting 
pin 11 to VIH- 


3. Apply 
VIL /\(IH 
to all registered 
output 
pins. 


4. Pulse pin 8 to Vp. then back to 0 V. 


5. Remove 
VILNIH 
from 
all output 
registers. 


6. Lower 
pin 11 to VIL to enable 
the output 
registers. 


7. Verify for VOLNOH 
at all registered 
output 
pins. 


Series 24RS/24XA 


1. Raise Vcc to 4.5 V. 


2. Disable 
output 
registers 
by setting 
pin 13 to VIH. 


3. Apply 
V1LNIH 
to all registered 
output 
pins. 


4. Pulse pin 10 to Vp' then back to 0 V. 


5. Remove 
VILNIH 
from 
all output 
registers. 


6. Lower 
pin 13 to VIL to enable 
the output 
registers. 


7. verify 
for VO~OH 
at all registered 
output 
pins. 


Power.U~ RESET 


All 
devices 
with 
this 
PRELOAD 
feature 
also 
have 
power-up 


RESET. All 
registers 
power 
up to a logic 
high 
for 
predictable 


system 
initialization. 
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PAL/HAL Devices Logic Diagram 
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20-Pin 
Device Family 
Data I/O Corporation 


10525 Willows Road N.E. 
PO Box 97046 
Redmond, 
WA 
98073-9746 


(800) 
247-5700 


Models 19, 29A, 29B 


Model 60 


Adapter 
Family 
Pinout 


Series 
Part Number 
System 
LogicPak 
Code 
Code 
PAL10H8/-2 
18 


PAL10L8/-2 
Model 60 
303A 
303A-002-V08 
22 
13 


PAL12H6/-2 
Rev.V05 
303A-011NB-V01 
19 


PAL12L6/-2 
14 
Small 
20/·2 
PAL14H4/-2 
Models: 
20 
Combinatorial 
PAL14L4/-2 
19 
15 
PAL16H2/-2 
29A 
22 


PAL16L2/-2 
29B 
16 


PAL16C1/-2 
;>1 


Medium 
20/ 
PAL16L8/N-2/-4/B-2/-4 
17 


20A/20A·2/4/ 
PAL16R8/N-2/-4/B-2/-4 
24 


20B·2/·4 
PAL16R6/N-2/-4/B-2/-4 
1 
Standard 
'-;>J-il.lR-;>/-4 


PAL16L8B/D 
30 
17 


Medium 
PAL16R8B/D 
1 


24 


20B/0 
PAL16R6B/D 
1 
PAL16R4B/D 


Medium 
PAL16L8BP 
303A-V04 
22 
17 


20BP 
PAL16R8BP 
67 


Standard 
PAL16R6BP 
t 
PAL16R4BP 


Medium 
20PA 
PAL16P8A 
30 


Programmable 
PAL16RP8A 
31 


Polarity 
PAL16RP6A 
1 
PAL16RP4A 


Large 
20 
PAL16X4 
303A 
Arithmetic 
PAL16A4 
j 


24 


Large 
20RA 
PAL16RA8 
30 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


Monolithic W Menrories 


24-Pin 
and MegaPAL 


TO Device Families 
Data I/O 


Family 
Pinout 
Series 
Part Number 
System 
LoaicPak™ 
Adapter 
Code 
Code 


I 


PALl2L10 
Model 60 
303A 
303A-002-Y08 
22 
01 


PALl4L8 
Rev. Y05 
303A-011NB-Y01 
02 


Small 
24 
PALl6L6 
03 


Combinatorial 
PALl8L4 
Models:19 
04 


PAL20L2 
29A 
05 


PAL20C1 
29B 
12 


Small 
24A 
PAL6Ll6A 
48 
Decoder 
PAL8Ll4A 
49 


PAL20L8N-21B 
26 
Medium 
24A/ 
PAL20R8N-21B 
27 
24A·2/B 
PAL20R6N-2/B 
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PAL20R4N-2/B 
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IMedlum 
24X 
PAL20X10 
23 


jXCIUSive-OR 
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Medium 
24XA 
PAL20X10A 
36 
Exclusive-OR 
PAL20X8A 
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Shared 
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Terms 
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Asvnchronous 
303A-011NB-Y01 


ECL 
PAL1OH20P81 
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Combinatorial 
303A-Y04 
303A-001ME 


MegaPALTM 
PAL32R16 
L.odel29B 
303A 
303A-008-NB 
47 
Devices 
PAL64R32 
350N-23/NB 
84 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 


1 Not supported 
on Model 19 


20-Pin 
Device Family 
Digelec 


1602 Lawrence 
Ave. 


Suite 
113 
Ocean, NJ 
07712 


(201) 
493-2420 


( System UP803 J 


Series 
Part Number 
FAM 52 Rev. 
AdaDter 
AdaDter 
Rev. 


t"AL10H8/-2 
5.4 
DA53 
A-3 
PAL10L8/-2 


PAL12H6/-2 


PAL12L6/-2 
Small 
20/·2 
PAL14H4/-2 
Combinatorial 
PAL14L4/-2 


PAL16H2!-2 


PAL16L2/-2 


PAL16C1/-2 


Medium 
20/ 
PAL16L8/AI-2!-4/B-2!-4 
20A/20A·2/41 
PAL16R8/A1-2!-4/B-2!-4 
20B·2/·4 
PAL16R6/AI-2!-4/B-2!-4 
Standard 
IPAI1F;R4/A/-2/-4/B-2/-4 


PAL16L8B/D 


Medium 
PAL16R8B/D 


20B/0 
PAL16R6B/D 


PAL16R4B/D 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 
Under Development 
Standard 
PAL16R6BP 


PAL16R4BP 


Medium 
20PA 
PAL16P8A 
5.4 
DA53 
A-3 


Programmable 
PAL16RP8A 


Polarity 
PAL16RP6A 


PAL16RP4A 


Large 
20 
PAL16X4 


Arithmetic 
PAL16A4 
, 
, 


Large 
20RA 
PAL16RA8 
Under Development 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


Monolithic W Memories 


Digelec 


Series 
Part Numbers 
FAM 52 
Adapter 
Adapter 
Rev. 


PAL12L10 
5.4 
DA55 
C-1 
PAL14L8 
I 
I 
I 


Small 
24 
PAL16L6 


Combinatorial 
PAL18L4 


PAL20L2 


PAL20C1 


Small 
24A 
PAL6L16A 
Under Development 
Decoder 
PAL8L14A 


!Medium 
24AI 
PAL20L8N-21B 
5.4 
DA55 
C-1 
PAL20R8N-2/B 
24A-2/B 
PAL20R6N-21B 
Standard 
PAL20R4N-21B 


PAL20L10 


Medium 
24X 
PAL20X10 


Exclusive-OR 
PAL20X8 


PAL20X4 


PAL20L10A 


Medium 
24XA 
PAL20X10A 


Exclusive-OR 
PAL20X8A 


PAL20X4A 


PAL20S10 
large 
24RS 
PAL20RS10 
Shared 
PAL20RS8 
Product 
Terms 
PAL20RS4 


Large 
24A 
PAL22RX8A 
Registered 
XOR 


Large 
24/A 
PAL32VX10/A 
Varied 
XOR 


Large 
24RA 
PAL20RA10 
Asynchronous 


ECl 
PAL10H~OP8 
, 
Combinatorial 


MegaPAlTM 
PAL32R16 
Under Development 
Devices 
PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


20-Pin 
Device Family 
Kontron 


1230 Charleston 
Road 
Mountain 
View, 
CA 
94039-7230 
(415) 
965-7020 


System MPP-80S 


System EPP-80 


Series 
Part Number 
UPM·B Rev. 
PAL10H8/-2 
1.44 
PAL10L8/-2 


PAL12H6/-2 


PAL12L6/-2 
Small 
20/-2 
Combinatorial 
PAL14H4/-2 


PAL14L4/-2 


PAL16H2/-2 


PAL16L2/-2 


PAL16C1/-2 


Medium 
20/ 
PAL16L8/N-2/-4/B-2/-4 
20A/20A·2/4/ 
PAL16R8/N-21-4/B-21-4 
20B·2/·4 
PAL16R6/N-21-4/B-21-4 
Standard 
PAL16R4/N-2/-4/B-2/-4 


PAL16L8B/D 


Medium 
PAL16R8B/D 


20B/0 
PAL16R6B/D 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 
Under Development 
Standard 
PAL16R6BP 


PAL16R4BP 


Medium 
20PA 
PAL16P8A 
1.44 


Programmable 
PAL16RP8A 


Polarity 
PAL16RP6A 


PAL16RP4A 


Large 
20 
PAL16X4 


Arithmetic 
PAL16A4 


Large 
20RA 
PAL16RA8 
1.47 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


24.Pin 
and MegaPAL no Device Families 
Kontron 


Series 
Part Number 
UPM-B Rev. 


PAL12L10 
1.44 
PAL14L8 


j 


Small 
24 
PAL16L6 


Combinatorial 
PAL18L4 


PAL20L2 


PAL20C1 


Small 
24A 
PAL6L16A 
1.48 


Decoder 
PAL8L14A 


PAL20L8A!-21B 
1.44 
Medium 
24AI 
PAL20R8A!-2/B 
24A·2/B 
PAL20R6A!-2/B 


Standard 
PAl :>OR4A/-2/B 


PAL20L10 


Medium 
24X 
PAL20X10 


Exclusive-OR 
PAL20X8 


PAL20X4 


PAL20L10A 


Medium 
24XA 
PAL20X10A 


Exclusive-OR 
PAL20X8A 


PAL20X4A 


PAL20S10 
Large 
24RS 
PAL20RS10 
Shared 
PAL20RS8 
Product 
Terms 
PAL20RS4 


Large 
24A 
PAL22RX8A 
Registered 
XOR 


large 
24/A 
PAl32VX10/A 
1.48 
Varied 
XOR 


large 
24RA 
PAl20RA10 
1.44 
Asynchronous 


ECl 
PAL10H20P8 
1.47 
Combinatorial 


MegaPAlTM 
I PAL32R16 
Under Development 
Devices 
I PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


20-Pin 
Device Family 
Micropross 


Parc d'activite 
des Pres 
5, rue Denis-Papin 
59650 
Vilieneuve-d'Ascq 
Tel 
20479040 


ROM 5000 


Programmer 


Series 
Part Number 
Rev. 
PAL1OH8/-2 


PAL1OL8/-2 
3.5 


PAL12H6/-2 


Small 
20/-2 
PAL12L6/-2 


Combinatorial 
PAL14H4/-2 


PAL14L4/-2 


PAL16H2/-2 


PAL16L2/-2 


PAL16C1/-2 


Medium 
20/ 
PAL16L8/AI-2/-4/B-2/-4 
20A/20A-2/4/ 
PAL16R8/AI-2/-4/B-2/-4 


20B-2/-4 
PAL16R6/AI-2/-4/B-2/-4 


'. 


Standard 
PAL16R4/AI-2/-4/B-2/-4 


PAL16L8B/D 


Medium 
PAL16R8B/D 


20B/0 
PAL16R6B/D 


PAL16R4B/D 
. 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 


PAL16R6BP 
Under Development 


Standard 
PAL16R4BP 


Medium 
20PA 
PAL16P8A 
3.5 


Programmable 
PAL16RP8A 


Polarity 
PAL16RP6A 


PAL16RP4A 


Large 
20 
PAL16X4 


Arithmetic 
PAL16A4 


Large 
20RA 
PAL16RA8 
Under Development 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


24·Pin 
anld MegaPALTM Device 
Families 


Micropross 


Series 
Part Number 
Rev. 


PAL12L10 


PAL14L8 
3.5 


Small 24 
PAL16L6 


j 


Combinatorial 
PAL18L4 


PAL20L2 


PAL20C1 


Small 24A 
PAL6L16A 
Under 
Development 
Decoder 
PAL8l14A 


I 
PAL20L8N-2/B 
Medium 
24A/ 
PAL20R8N-2/B 
3.5 


24A-2/B 
PAL20R6N-2/B 
Standard 
PAL20R4N-2/B 


PAL20L10 


~edium 
24X 
PAL20X10 


Exclusive-OR 
PAL20X8 


PAL20X4 


PAL20L10A 


Medium 
24XA 
PAL20X10A 


FXclusive-OR 
PAL20X8A 


PAL20X4A 


PAL20S10 
large 
24RS 
PAL20RS10 
Shared 
PAL20RS8 
Product Terms 
PAL20RS4 


I large 
24A 
PAL22RX8A 
Registered 
XOR 


large 
24/A 
PAL32VX10/A 
Varied XOR 


large 
24RA 
PAL20RA10 
Asynchronous 


Eel 
PAL10H20P8 
Combinatorial 


MegaPAlTM 
PAL32R16 
Under 
Development 


Devices 
PAL64R32 


Note: 
The software 
and hardware 
revisions 
listed are the earliest 
revisions 
that support 
these products. 
Later software 
and hardware 
revisions 
can also be assumed 
to support 
these products. 


Adams MacDonald 
Enterprises, 
Inc. 


2999 
Monterey/Salinas 
Highway 
Monterey, 
CA 
93940 
(408) 
373-3607 


Promac P3 


Programmer 


Series 
Part Number 
Software 
Rev. 
S1/S2 
PAL10H8/-2 
3.0 
0/1 


PAL10L8/-2 
0/6 


PAL12H6/-2 
0/2 


Small 
20/-2 
PAL12L6/-2 
0/7 


Combinatorial 
PAL14H4/-2 
0/3 


PAL14L4/-2 
0/8 


PAL16H2/-2 
0/4 


PAL16L2/-2 
0/9 


PAL16C1/-2 
0/5 


Medium 
20/ 
PAL16L8/AI-2/-4/B-21-4 
0/10 


20A/20A-2/4/ 
PAL16R8/AI-21-4/B-21-4 
0/11 


20B-2/-4 
PAL16R6/AI-2/-4/B-2/-4 
0/12 


Standard 
PAL16R4/AI-2/-4/B-21-4 
0/13 


PAL16L8B/D 
5/0 


Medium 
PAL16R8B/D 
5/1 


20B/0 
PAL16R6B/D 
5/2 


PAL16R4B/D 
5/3 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 


Standard 
PAL16R6BP 
Under Development 


PAL16R4BP 


Medium 
20PA 
PAL16P8A 
3.0 
1/0 


Programmable 
PAL16RP8A 
1/3 


Polarity 
PAL16RP6A 
1/2 
PAL16RP4A 
1/1 


Large 
20 
I 
PAL16X4 
0/14 


Arithmetic 
I 
PAL16A4 
0/15 


Large 
20RA 
PAL16RA8 
1/12 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 


24-Pin 
and MegaPAL nI Device Families 
Promac 


Series 
Part Number 
Software 
Rev. 
S1/S2 


PAL12L10 
3.0 
2/2 


PAL14L8 
2/3 


Small 
24 
PAL16L6 
2/4 


Combinatorial 
PAL18L4 
2/5 


PAL20L2 
2/6 


PAL20C1 
2/1 


Small 
24A 
PAL6L16A 
3/11 


Decoder 
PAL8L14A 
3/10 


PAL20L8N-2/B 
2/8 
Medium 
24AI 
PAL20R8N-2/B 
2/9 
24A-2/B 
PAL20R6N-2/B 
2/10 
Standard 
PAL20R4N-2/B 
2/11 


PAL20L10 
2/7 


Medium 
24X 
PAL20X10 
2/12 


Exclusive-OR 
PAL20X8 
2/13 
PAL20X4 
2/14 


PAL20L10A 
2/7 


Medium 
24XA 
PAL20X10A 
2/15 


Exclusive-OR 
PAL20X8A 
3/0 


PAL20X4A 
3/1 


PAL20S10 
3/5 
Large 
24RS 
PAL20RS10 
3/6 
Shared 
PAL20RS8 
3/7 
Product 
Terms 
PAL20RS4 
3/8 


Large 
24A 
PAL22RX8A 
Registered 
XOR 


Large 
24/A 
PAL32VX10/A 
Varied 
XOR 


Large 
24RA 
PAL20RA10 
3.4 
Asynchronous 


ECL 
PAL10H20P8 
Combinatorial 


MegaPALTM 
I PAL32R16 
Under Development 
Devices 
I PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


Stag Microsystems 


528-5 
Weddell 
Drive 


Sunnyvale. 
CA 
94089 


(408) 
745-1991 


rzL30l 


~ 


Series 
Part Number 
Code 
ZL30 Rev. 
Zm2200 
PAl10H8/-2 
20-20 
30-35 
14 


PAL10L8/-2 
20-25 


PAL12H6/-2 
20-21 


PAL12L6/-2 
20-26 
Small 
20/-2 
PAL14H4/-2 
20-22 
Combinatorial 
PAl14L4/-2 
20-27 


PAL16H2/-2 
20-23 


PAL16L2/-2 
20-28 


PAL16C1/-2 
20-24 


Medium 
20/ 
PAL16L8/AI-2/-4/B-2/-4 
20-29 


20A/20A·2/4/ 
PAL16R8/AI-2/-4/B-2/-4 
20-30 


20B·2/-4 
PAL16R6/AI-2/-4/B-2/-4 
20-31 


Standard 
PAL16R4/AI-2/-4/B-2/-4 
20-32 


PAL16L8B/D 
22-29 
30-39 
12 


Medium 
PAL16R8B/D 
22-30 
1 
1 
20B/0 
PAL16R6B/D 
22-31 


PAl16R4B/D 
22-32 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 
Under Development 
Standard 
PAL16R6BP 


PAL16R4BP 


Medium 
20PA 
PAL16P8A 
20-38 
30-35 
12 


Programmable 
PAl16RP8A 
20-11 
1 
Polarity 
PAL16RP6A 
20-12 


PAL16RP4A 
20-13 


Large 
20 
PAL16X4 
I 
20-33 
14 


Arithmetic 
PAL16A4 
I 
20-34 


Large 
20RA 
PAL16RA8 
20-19 
30-37 
12 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


24-Pin 
and MegaPAL™ Device 
Families 
stag Microsystems 


Series 
Part Number 
Code 
ZL30 Rev. 
ZM2200 


PAL12l10 
21-50 
30-35 
14 
PAL14L8 
21-51 
- 
j 


Small 
24 
PAl16L6 
21-52 
12 


Combinatorial 
PAL18L4 
21-53 
1 
PAL20L2 
21-54 


PAL20C1 
21-55 


Small 
24A 
I PAL6L16A 
Under Development 
Decoder 
I PAL8L14A 


PAL20L8N-2/B 
21-56 
30-35 
12 
Medium 
24AI 
PAL20R8N-2/B 
21-57 
24A-2/B 
PAL20R6N-2/B 
21-58 
Standard 
PAL20R4N-2/B 
21-59 


PAL20l10 
21-60 


Medium 
24X 
PAL20X10 
21-61 


Exclusive-OR 
PAL20X8 
21-62 


PAL20X4 
21-63 


PAL20L10A 
21-60 
" 


Medium 
24XA 
PAL20X10A 
21-61 


Exclusive-OR 
PAL20X8A 
21-62 


PAL20X4A 
21-63 


PAL20S10 
21-81 
30-39 
Large 
24RS 
PAL20RS10 
21-80 
1 
Shared 
PAL20RS8 
21-79 
Product 
Terms 
PAL20RS4 
21-78 


Large 
24A 
PAL22RX8A 
Registered 
XOR 


Large 
24/A 
PAL32VX10/A 
Varied 
XOR 


Large 
24RA 
PAL20RA10 
21-77 
30-37 
Asynchronous 


ECL 
PAL10H20P8 
Combinatorial 


MegaPALT>' 
PAL32R16 
Under Development 
Devices 
PAL64R32 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can also be assumed to support these products. 


Storey Systems 


3201 
North 
Hwy. 67 
Suite H 
Mesquite, 
TX 
75150 


(214) 
270-4135 


Series 
Part Number 
Rev. 
PAL10H8/-2 


PAL10L8/-2 
2.0 


PAL12H6/-2 


Small 
20/-2 
PAL12L6/-2 


Combinatorial 
PAL14H4/-2 


PAL14L4/-2 


PAL16H2I-2 


PAL16L2/-2 


PAL16C1/-2 


Medium 
20/ 
PAL16L8/N-2/-4/B-2/-4 


20A/20A-2/4/ 
PAL16R8/N-2/-4/B-2/-4 


208-2/-4 
PAL16R6/N-21-4/B-21-4 
Standard 
PAL16R4/N-2/-4/B-2/-4 


PAL16L8B/D 
4.0 
Medium 
PAL16R8B/D 
1 
208/0 
PAL16R6B/D 


PAL16R4B/D 


Medium 
PAL16L8BP 


208P 
PAL16R8BP 


PAL16R6BP 
Under Development 
Standard 
PAL16R4BP 


Medium 
20PA 
PAL16P8A 
4.0 
Programmable 
PAL16RP8A 


1 
Polarity 
PAL16RP6A 
PAL16RP4A 


Large 
20 
PAL16X4 


Arithmetic 
PAL16A4 
2.0 


Large 
20RA 
PAL16RA8 
4.04 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


Monolithic W MenJories 


24-Pin 
and MegaPAL no Device Families 


Storey Systems 


Series 
Part Number 
Rev. 
, 


PAL12L10 
2.0 
PAL14L8 


j 


Small 
24 
PAL16L6 


Combinatorial 
PAL18L4 


PAL20L2 


PAL20C1 


Small 
24A 
PAL6L16A 
I 
Under Development 
Decoder 
PAL8L14A 
I 


PAL20L8A!-2/B 
2.0 
Medium 
24A/ 
PAL20R8A!-2/B 
24A-2/B 
PAL20R6A!-2/B 
Standard 
PAL20R4A!-2/B 


PAL20L10 


Medium 
24X 
PAL20X10 


Exclusive-OR 
PAL20X8 


PAL20X4 


PAL20L10A 


Medium 
24XA 
PAL20X10A 
Under Development 
Exclusive-OR 
PAL20X8A 


PAL20X4A 


PAL20S10 
Large 
24RS 
PAL20RS10 
Shared 
PAL20RS8 
Product 
Terms 
PAL20RS4 


large 
24A 
PAL22RX8A 
Registered 
XOR 


large 
24/A 
PAL32VX10/A 
Varied 
XOR 


large 
24RA 
PAL20RA10 
4.04 
Asynchronous 


ECl 
PAL10H20P8 
Combinatorial 


MegaPALTM 
PAL32R16 
I 


Devices 
PAL64R32 
I 
Under Development 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


Monolithicm Memories 


Structured Design 


1700 
Wyatt 
Drive 
Suite 7 
Santa Clara, CA 
95054 
(408) 
988-0725 


SO 20/24 
System 


SO 1000 
System 


Series 
Part Number 
SO 20/24 
SO 
1000 
PAL10H8/-2 
1.6 
1.05 
PAL10L8/-2 


PAL12H6/-2 


PAL12L6/-2 
Small 
20/·2 
PAL14H4/-2 
Combinatorial 
PAL14L4/-2 


PAL16H2/-2 


PAL16L2/-2 


PAL16C1/-2 


Medium 
201 
PAL16L8/A1-2/-4/B-2/-4 


20A/20A·2/41 
PAL16R8/A1-21-4/B-21-4 


20B·2/·4 
PAL16R6/A1-21-4/B-21-4 
Standard 
PAL16R4/A1-2/-4/B-2/-4 


PAL16L8B/D 


Medium 
PAL16R8B/D 
Under Development 
20B/0 
PAL16R6B/D 


PAL16R4B/D 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 


Standard 
PAL16R6BP 


PAL16R4BP 
Under Development 


Medium 
20PA 
PAL16P8A 


Programmable 
PAL16RP8A 


Polarity 
PAL16RP6A 


PAL16RP4A 


Large 
20 
PAL16X4 


Arithmetic 
PAL16A4 
1.6 
1.05 


Large 
20RA 
PAL16RA8 
Under Development 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


Structured Design 


Series 
Part Number 
SO 20/24 
SO 1000 


PAL12L10 
1.6 
1.05 
PAL14L8 


j 


Small 24 
PAL16L6 
I 


Combinatorial 
PAL18L4 


PAL20L2 


PAL20C1 


Small 24A 
PAL6L16A 
Under 
Development 
Decoder 
PAL8L14A 


PAL20L8A1-2/B 
Medium 
24AI 
PAL20R8A1-2/B 
1.6 
1.05 


24A-2/B 
PAL20R6A1-2/B 
Standard 
PAL20R4A1-2/B 


PAL20L10 


Medium 
24X 
PAL20X10 


Exclusive-OR 
PAL20X8 


PAL20X4 


PAL20L10A 


Medium 
24XA 
PAL20X10A 


Exclusive-OR 
PAL20X8A 


PAL20X4A 


PAL20S10 
Under 
Development 
large 
24RS 
PAL20RS10 
Shared 
PAL20RS8 
Product Terms 
PAL20RS4 


large 
24A 
PAL22RX8A 
Registered 
XOR 


Large 
24/A 
PAL32VX10/A 
Varied XOR 


large 
24RA 
PAL20RA10 
~synchronous 


ECl 
PAL10H20P8 
Combinatorial 


MegaPAlTM 
PAL32R16 


Devices 
PAL64R32 


Note: 
The software 
and hardware 
revisions 
listed are the earliest 
revisions 
that support 
these products. 
Later software 
and hardware 
revisions 
can also be assumed 
to support 
these products. 


Valley Data Sciences 


Charleston 
Business 
Park 
2426 Charleston 
Road 
Mountain 
View, CA 
94043 


(415) 
968-2900 


160 Series 


Programmer 


Series 
Part Number 
Rev. 
PAL10H8/-2 


PAL10L8/-2 
1.03 


PAL12H6/-2 


PAL12L6/-2 
Small 
20/·2 
PAL14H4/-2 
Combinatorial 
PAL14L4/-2 


PAL16H2I-2 


PAL16L2I-2 


PAL16C1/-2 


Medium 
20/ 
PAL16L8/AI-2/-4/B-2/-4 


20A/20A-2/4/ 
PAL16R8/AI-2/-4/B-2/-4 


20B·2/·4 
PAL16R6/AI-2/-4/B-2/-4 
Standard 
PAL16R4/AI-2/-4/B-2/-4 


PAL16L8B/D 


Medium 
PAL16R8B/D 


20B/0 
PAL16R6B/D 


PAL16R4B/D 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 


PAL16R6BP 
Under Development 
Standard 
PAL16R4BP 


Medium 
20PA 
PAL16P8A 
1.03 


Programmable 
PAL16RP8A 


Polarity 
PAL16RP6A 


PAL16RP4A 


Large 
20 
PAL16X4 


Arithmetic 
PAL16A4 


Large 
20RA 
PAL16RA8 
Under Development 
Asynchronous 


Note: The software and hardware revisions listed are the earliest revisions that support these products. 


Later software and hardware revisions can also be assumed to support these products. 


Valley Data Sciences 


Series 
Part Number 
Rev. 


PAL12L10 


PAL14L8 
1.03 


Small 24 
PAL16L6 
I 


Combinatorial 
PAL18L4 


PAL20L2 


PAl20C1 
, 


Small 24A 
PAL6L16A 
I 
Under 
Development 


Decoder 
PAL8L14A 
I 


PAL20L8A1-2/B 
Medium 
24AI 
PAL20R8A1-2/B 
1.03 


24A-2/B 
PAL20R6A1-21B 


Standard 
PAL20R4A1-21B 


PAl20L10 


Medium 
24X 
PAL20X10 


Exclusive-OR 
PAl20X8 


PAl20X4 


PAL20L10A 


Medium 
24XA 
PAL20X10A 


Exclusive-OR 
PAl20X8A 


PAl20X4A 


PAL20S10 
large 
24RS 
PAL20RS10 


Shared 
PAL20RS8 
product Terms 
PAL20RS4 


large 
24A 
PAl22RX8A 
Registered 
XOR 


large 
24/A 
PAL32VX10/A 
Varied XOR 


large 
24RA 
PAL20RA10 
Asynchronous 


ECl 
PAL10H20P8 
Combinatorial 


MegaPAlTht 
PAL32R16 
I 
1.04 + 1.1 Adapter 
Devices 
PAL64R32 
I 
Under 
Development 


Note: 
The software 
and hardware 
revisions 
listed are the earliest 
revisions 
that support 
these products. 
Later software 
and hardware 
revisions 
can also be assumed 
to support 
these products. 


1210 
E. Campbell 
Road 


Richardson, 
TX 
75081 


(214) 
437-0777 


OMNI 


Programmer 


Series 
Part Number 
Rev. 
PAL10H8/-2 


PAL10L8/-2 
3.18 


PAL12H6/-2 


PAL12L6/-2 
Small 
201-2 
PAL14H4/-2 
Combinatorial 
PAL14L4/-2 


PAL16H2/-2 


PAL16L2/-2 


PAL16C1/-2 


Medium 
201 
PAL 16L8IN-2/-4/B-2/-4 


20A/20A·2/41 
PAL 16R8/N-2/-4/B-2/-4 


20B·2/·4 
PAL 16R6IN-2/-4/B-21-4 
Standard 
PAL 16R4IN-21-4/B-21-4 


PAL16L8B/D 


Medium 
PAL16R8B/D 


20B/0 
PAL16R6B/D 


PAL16R4B/D 


Medium 
PAL16L8BP 


20BP 
PAL16R8BP 


Standard 
PAL16R6BP 
Under 
Development 


PAL16R4BP 


Medium 
20PA 
PAL16P8A 
3.18 


Programmable 
PAL16RP8A 


Polarity 
PAL16RP6A 


PAL16RP4A 


Large 20 
PAL16X4 


Arithmetic 
PAL16A4 


Large 20RA 
PAL16RA8 
Under 
Development 
Asynchronous 


Note: 
The software 
and hardware 
revisions 
listed are the earliest 
revisions 
that support 
these 
products. 


Later software 
and hardware 
revisions 
can also be assumed 
to support 
these 
products. 


Series 
Part Number 
Rev. 


PAL12L10 
3.18 
PAL14L8 


Small 24 
PAL16L6 


Combinatorial 
PAL18L4 


PAL20L2 


PAL20C1 


Small 24A 
PAL6L16A 


Decoder 
PAL8L14A 


PAL20L8A1-21B 
Medium 
24A/ 
PAL20R8A1-21B 
24A-2/B 
PAL20R6A1-21B 
Standard 
PAL20R4A1-21B 


PAL20L10 


Medium 
24X 
PAL20X10 


Exclusive-OR 
PAL20X8 


PAL20X4 


PAL20L10A 


Medium 24XA 
PAL20X10A 


Exclusive-OR 
PAL20X8A 


PAL20X4A 


PAL20S10 
Large 24RS 
PAL20RS10 
Under 
Development 
Shared 
PAL20RS8 
Product Terms 
PAL20RS4 


large 
24A 
PAL22RX8A 
Registered 
XOR 


large 
24/A 
PAL32VX10/A 
Varied XOR 


large 
24RA 
PAL20RA10 
3.18 
Asynchronous 


ECl 
PAL1OH20P8 
Combinatorial 


MegaPALTht 
PAL32R16 


Devices 
PAL64R32 
Under 
Development 


Note: 
The software 
and hardware 
revisions 
listed are the earliest 
revisions 
that support 
these products. 
Later software 
and hardware 
revisions 
can also be assumed 
to support 
these products. 
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ProPAL TM, HAL®, and ZHAL 
™ 
Devices: 
The Logical Solutions for Volume 
Programmable 
Logic 


So you have discovered the convenience and flexibility of 
designing with PAL~ devices from Monolithic Memories. You 
have implemented a design using PAL devices, and taken that 
design into production. Now may be the time to consider ways of 
reducing the efforts you put into programming, testing, and 
marking large volumes of PAL devices. Wouldn't it be more 
convenient if you could be relieved of the duties and costs of 
volume programming and testing and still reap the benefits 
afforded by programmable logic? 


Or perhaps you are considering a semicustom product, but 
you're a little nervous about going to a gate array. Wouldn't it be 
preferable if you could find a semicustom product which allows 
easy, inexpensive prototyping, provides fast prototype turn- 
around, comes fully tested, can have a custom marking, has low 
NRE charges, provides design flexibility, and has an assured 
second source? 


Well, Monolithic Memories, the inventor of the PAL device, of- 
fers the logical solutions. ProPAL, HAL, and ZHAL devices 
make the transition from user-programmed devices to cus- 
tomized production-ready devices easy and risk free. 


ProPAL Devices 


ProPAL (Programmed PAL) devices are simply PAL devices 
that Monolithic Memories programs and tests for you. You 
receive a fully functional unit without having to do the program- 
ming and testing. But you still have the flexibility to handle 
design changes easily. 


HAL Devices 


HAL (Hard Array Logic) devices are to PAL devices as ROMs 
are to PROMs. Instead of fuses in the logic array, your pattern is 


implemented using metal links that are masked in during wafer 
fabrication. So your need to program devices is eliminated. And 
because the devices have their functionality masked in, Mono- 
lithic Memories can provide full functional testing before ship- 
ping the product. You can place the devices in your boards with 
a minimum of handling and the highest level of confidence. 


Monolithic Memories offers a HAL device for every PAL device. 
Any PAL device design you program can be implemented in a 
HAL version, allowing you. to move smoothly into volume 
production. 


ZHAL Devices 


Monolithic Memories now provides a third alternative for the 
programmable logic user: new Zero-Standby-Power CMOS HAL 
devices. 


For the first time there are HAL devices which can implement 
any pattern from the Series 20 and Series 24 PAL devices with 
the greatly reduced power consumption only CMOS can offer. 


For high complexity designs reaching into the thousands of 
gates, Zero Power MegaHAL,. devices provide the natural 
semicustom VLSI alternative to gate arrays. The MegaPAL'· 
devices provide the flexibility and fast design turn-around you 
need for prototyping. Once you are ready for production, the 
CMOS MegaHAL devices provide the same functionality with 
Zero Power. 


All of the ZHAL devices are fully HC/HCT compatible, making 
them easy to use in TTL and CMOS environments. 


Should You Use a PAL, ProPAL, or 
HAL Device? 


PAL devices offer the fleXibility and convenience needed for 
prototyping your innovative designs. They provide a means for 
designing an efficient system by integrating functions and 
saving you board space. For flexible production, it makes sense 
to program and test your own PAL devices. This is especially 
true if you need low volumes per pattern. You always have the 
option of making last minute design tweaks as you fine tune your 
system design. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
lIIonolllhic I!~n 
lIIemories 
InJrW 
6·3 


Once your production volumes reach a moderate volume of a 
few thousand devices per year for each pattern, you may wish to 
dedicate your production resources to newer designs, instead of 
programming and testing production volumes. Yet in order to be 
able to make quick design updates, you might not want to com- 
mit to a HAL mask. ProPALdevices provide the ideal solution by 
eliminating 
programming and testing needs while retaining 
enough flexibility to accommodate design changes. 


When you feel that your design has stabilized and your volume 
has ramped up to several thousand devices per year, a HAL 
device becomes the most cost effective way to purchase our 
programmable 
logic. By shifting the burdens to Monolithic 


Memories, who can handle large volumes easily, you can con- 
centrate your energies on more productive projects. 


How Does MM. Do This? 


Monolithic Memories takes your proven PAL device design and 
either arranges to program ProPAL devices in volume, or gener- 
ates a custom mask for a HAL or ZHAL device. And all without 
the normal risks inherent in purchasing a semicustom product. 
Why? Because: 


• You can prototype your system and initiate production using 


standard Monolithic Memories PALdevices. Youdon't have to 
worry about making a mistake that could put your design 
schedule in jeopardy. 


• The nominal Non-Recurring Engineering (NRE) charges for 
ProPAL and HAL devices are far lower than those normally 
required for a semicustom circuit. And they can even be 
amortized over your first production quantity. 


/ 


Monolithic Memories 
Programmable 
Solutions 


• 
You save on the costs of programming devices. This will also 
shorten your prodl,/ctioncycle, since you can plug the devices 
into the socket with no additional processing. 


• All of the devices are tested for full functionality before they 
leave Monolithic Memories. You save on the costs of testing 
and generating test programs. 


• 
Monolithic Memories is geared towards providing volumes of 
high quality devices. No one knows how to test programmable 
logic as well as Monolithic Memories. Between the thorough, 
efficient testing and marking capabilities and the option to 
provide burn-in for extra reliability, you can obtain a higher 
quality device that if you did the programming and testing 
yourself. 


• 
MMI can provide custom marking. This saves you the added 
expense of stripping the mark from standard devices and then 
remarking them with your own mark. 


• 
HAL devices are secure by design. If you prefer ProPAL 
devices, they can also be secured for you at the factory. 


• 
ProPAL device lead time is only 1 to 2 weeks longer than that 
of unprogrammed PAL devices. 


• 
HAL device turn-around time is a mere 6 to 8 weeks or less 
from acceptance of your design package to receipt of first 
units. 


• 
If you find yourself with an unexpected demand, you need not 
turn away business for lack of HAL device stock. You can 
always use ProPAL devices to make up for any temporary 
shortfall. 


How Can You Take Advantage 
of 


This? 


The following are some gUidelines which you can use to help 
convert your designs to ProPAL, HAL or ZHAL devices. 


1. Send in Your Design 


You will need to provide your logic equations from either 
PALASM~ PALASM 2 or ABEL ,. on magnetic media'. 


When Monolithic Memories generates vectors for use in func- 
tionally testing your pattern, "seed" vectors are helpful in provid- 
ing the foundation upon which the final test vectors will be 
based. 


A master PAL device containing your design is needed for 
Monolithic Memories to verify that the pattern you submitted has 
been correctly processed. If you cannot provide a Monolithic 
Memories master PAL device, Monolithic Memories will accept 
your design inputs and provide ProPAL samples for your 
approval. 


For your convenience, a checklist is included to help you 
prepare all of the necessary materials to be submitted to Mono- 
lithic Memories. This will also help Monolithic Memories process 
your design, resulting in smoother and faster turn-around. 
Copies of this form are available from your Sales Representa- 
tive, or you can simply copy the attached form. 


2. MMI Will Verify the Design 


Upon receiving your design package, Monolithic Memories will 
enter your design into their computer and verity that there are no 
format or syntax problems. A fuse map will be generated, and 
sample ProPAL devices programmed. 


If any questions are encountered at this stage, they will be re- 
solved with you before any further processing takes place. 


3. MMI Will Check the Samples 


If you have approved immediate production of your devices, 
Monolithic Memories will make a fuse for fuse comparison be- 
tween the samples and the master device you provide. If there 
are no discrepancies, test generation will be started immediately 
(or upon receipt of your purchase order). 


If you prefer to see programmed sample ProPALdevices prior to 
initiating production, Monolithic Memories can provide them for 
your approval before proceeding further. Sample approval is 
also needed when no master devices are provided or when a 
discrepancy is found during verification. 


4. MMI Will Generate Test Vectors 


A functional test sequence is generated using TGEN'·, 
a 


proprietary software package. Any seed vectors you provide will 
be used to help initiate test generation. TGEN will check for 
hazards and race conditions, monitor fault coverage and sys- 
tematically add vectors until test coverage goals are met. 


Monolithic Memories has a test quality standard that sets as a 
minimum goal 90% coverage of all stuck-at faults. Lower 
coverage 
patterns 
can sometimes 
be processed 
as HAL 


devices, or it is possible to handle them as ProPALdevices only, 
but your approval will be needed. If acceptable coverage cannot 
be obtained, ways of increasing the testability of the design may 
have to be considered before Monolithic Memories can process 
the pattern. 


For more detail on exactly how the test coverage is determined, 
refer to the article "PAL Design Function and Test Vectors" in 
the Monolithic Memories Programmable Logic Handbook. 


When suitable test coverage is obtained, as is normally the 
case, there is no need for you to be involved with vector genera- 
tion. If, however, you wish to approve the test vectors before 
production units are generated, the vectors will be made avail- 
able to you. 


5. MMI Will Generate Production 
Units 


After an acceptable test sequence has been generated, Mono- 
lithic Memories will generate the appropriate HAL or ZHAL mask 
and build the devices. Or, in the case of a ProPALdevice, Mono- 
lithic Memories will arrange to program and test blank units. 


PAL, HAL, and PALASM are registered 
trademarks 
of Monolithic 
Memories. 
Inc. 


ProPAL. 
ZHAl, 
MegaPAl, 
MegaHAl 
and 
TGEN 
are trademarks 
of Monolithic 


Memories, 
Inc. 


ABEL is a trademark 
of Data 110 Corp. 
DEC, RSX, VAX, and VMS are registered trademarks 
of Digital Equipment 
Corp. 


IBM PC is a trademark 
of International 
Business Machines, 
Inc. 


Having Your Devices Marked 


The standard Monolithic Memories mark consists of the device 
type, the package type, the date code, and the Monolithic 
Memories logo. 


If you wish, you can have the standard marking replaced by a 
custom marking. The logo and date code are standard, but any 
other markings can be as you desire. The character and line 
limitations for the most common packages are in Table 1. 


If the package you want is not listed, your local representative 
can help you determine the guidelines you need. 


Whom to Contact 


When you are ready to put the power of the Monolithic Memories 
factory to work for you, just contact your local Monolithic 
Memories sales representative. And let Monolithic Memories 
take care of your production programming, testing, and marking 
needs. 


Table 1. 


PLASTIC 
20 pin (300 mil) 
2 lines/13 characters per line 


24 pin (300 mil) 
2 lines/17 characters per line 


CERDIP 
20 pin (300 mil) 
2 lines/16 characters per line 


24 pin (300 mil) 
2 lines/17 characters per line 


PLCC 
20 lead 
4 lines/l1 characters per line 


28 lead 
5 lines/12 characters per line 


HAL AND 


ProPAL 
DEVICE 


GENERATION 
FLOW 


Zero Power 
CMOS Hard Array Logic 
ZHAI: 
M 
20A Series 


• Zero standby power 


• 25-ns maximum propagation delay 


• HC and HCT compatible 


• Space saving PLCC available 


• Low power alternative lor Small and Medium 20-pln PALQll 


devices, Including 16L8/16R8/16R6/16R4 


Description 


The Zero Power Hard Array Logic (ZHAL) devices are ideal in 
low-power 
applications 
that 
require high-speed operation. 


These attributes are achieved through the use 01 Monolithic 
Memories' advanced high-speed CMOS process. Now system 
designers have the option of using a ZHAL device that matches 
fast PAL device speeds, but with the added advantage of zero 
standby power. These features are ideal for power-eritical areas 
such as portable digital equipment or lap-top computers. 


This family of ZHAL devices utilizes a unique architecture that is 
designed for a high degree of flexibility in implementing most 
patterns of the listed 2O-pinPAUHALQlldevices. Prototyping can 
be done using standard PALdevices before converting to ZHAL 
circuits for production. ZHAL devices are fabricated by Mono- 
lithic Memories with custom metallization masks defined by a 
user-supplied HAL Design Specification. 


The procedures for designing with Monolithic Memories' ZHAL 
devices are shown in the flow chart on page 8. The ZHAL20 
option in the PALASMQll2CAD package will confirm whether a 
design specification will fit within the ZHAL20 architecture. For 
more information on the ZHAL20 software, refer to the PALASM 
2 User Manual. For more information 
on the ZHAL device 


generation 
flow, 
see the 
Monolithic 
Memories 
brochure 


"ProPAL'·, HALQll,and ZHAL Devices." 


For evaluation of the ZHAL20A circuit, sample patterns are 
available. see page 6 for details. 


ARRAY 
OUTPUTS 


PART NUMBER 
PACKAGE 
COMB 
REG 


ZHAL10H8A 
10 
8 
- 


ZHAL12H6A 
12 
6 
- 


ZHAL14H4A 
14 
4 
- 


ZHAL16H2A 
16 
2 
- 


ZHAL16C1A 
N,NL 
16 
2 
- 


ZHAL10L8A 
10 
8 
- 
ZHAL12L6A 
12 
6 
- 
ZHAL14L4A 
14 
4 
- 


ZHAL16L2A 
16 
2 
- 


ZHAL16L8A 
16 
8 
- 
ZHAL16R8A 
N,NL 
16 
- 
8 


ZHAL16R6A 
16 
2 
6 


ZHAL16R4A 
16 
4 
4 


ZHAL16P8A 
16 
8 
- 


ZHAL16RP8A 
N,NL 
16 
- 
8 


ZHAL16RP6A 
16 
2 
6 


ZHAL16RP4A 
16 
4 
4 


ZERO-==r--~ 
POWER 
HARD ARRAY 
LOGIC 


NUMBER OF 
ARRAYINPUTS 


OUTPUT TYPE 
L 
; Acllve Low 
H 
= Active High 
P 
= Programmable 
Polarity 
C 
:; Complementary 
R 
= Registered 
RP = Registered 
Programmable 
Polarity 


~ 


LPATTERN 
NUMBER 


PROCESSING 
STD ; Standard 


PACKAGE 
N 
; Plastic DIP 
NL 
= Plastic Leaded 


Chip Carrier 


~-------------TEMPERATURERANGE 


C 
; O'C to +7S'C 


I 
= ~oC 
to +85°C 


~-------SPEED 
A 
; High Speed 


'-----------------NUMBER 
OF 
OUTPUTS 


PAL4tI,HALe, and PALASMS 
are registered 
trademarks 
of Monolithic 
Memories. 


ZHAL~ and ProPAL~ are trademarks of Monolithic Memories. 
TWX: 
910-338-2376 


2175 Mission 
College 
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ZHAL16H2A 
ZHAL16C1A 
1m 
ZHAL10H8A 
ZHAL12H6A 
ZHAL14H4A 


2 
1 
0 
9 
2 
1 
2 
1 
19 


INPUT 
ACTIVE 
INPUT 
INPUT 
AND 
ACTIVE 
AND 
AND 
DR 
HIGH 
HIGH 
DR 
OR 
LOGIC 
OUTPUT 
OUTPUT 
LOGIC 
LOGIC 


ARRAY 
CELLS 
CELLS 
ARRAY 
ARRAY 


.ND 
ND 


2 
3 
11 
2 
3 
9 
0 
1 
2 
3 
9 
10 
11 
2 
3 


Plastic Chip Carrier 
Plastic Chip Carrier 
Plastic Chip Carrier 
Plastic Chip Carrier 
Plastic Chip Carrier 


ZHAL10L8A 
ZHAL12L6A 
ZHAL14L4A 
ZHAL16L2A 


ZHAL10L8A 
ZHAL12L6A 


2 
1 
0 
9 
2 ·1 
20 
v 


INPUT 
ACTIVE 
INPUT 
ACTIVE 
AND 
LOW 
AND 
LDW 
OR 
OUTPUT 
OR 
OUTPUT 
LOGIC 
CELLS 
LOGIC 
CELLS 
ARRAY 
ARRAY 


.ND 
10 
11 
2 
3 


Plastic Chip Carrier 
Plastic Chip Carrier 


.ND 
10 
11 
2 
3 


Plastic Chip Carrier 


INPUT 
AND 
OR 
LOGIC 
ARflAY 


ZHAL16L8A 
ZHAL16R8A 
ZHAL16R6A 
ZHAL16R4A 


20 
20 
'c 
'cc 
"0 
"0 
REG 
"0 


REG 
INPUT 
7 


OUTPUT 
AND 
OUTPUT 


CELLS 
REG 
OR 
CELLS 
REO 


LOGIC 


REG 
ARRAY 


REO 
4 
OE 
"a 
GNO 
10 
11 
o 
11 
10 
11 


Plastic Chip Carrier 
Plastic Chip Carrier 
Plastic Chip Carrier 
Plastic Chip Carrier 


ZHAL16P8A 
ZHAL16RP8A 
ZHAL16RP6A 
ZHAL16RP4A 


9 
10 
11 


Plastic Chip Carrier 


INPUT 
REG 
AND-OR 
"-INVERT 
OUTPUT 
REG 


LOGIC 
CEllS 


ARRAY 


INPUT 
AND·OA 
-INVERT 
LOGIC 
AAA~Y 


REO 


OUTPUT 
CELLS 
REG 


10 
11 


Plastic Chip Carrier 


SYMBOL 
PARAMETER 
INDUSTRIAL 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


tw 
Width 
of clock 
15 
10 
15 
10 
ns 


tsu 
Setup time from 
16R4A, 16R6A, 16RSA, 
20 
13 
20 
13 
ns 
input or feedback 
to clock 
16RP4A, 
16RP6A, 
16RPSA 


th 
Hold time 
0 
-10 
0 
-10 
ns 


TA 
Operating 
free-air 
temperature 
-40 
25 
S5 
0 
25 
75 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL' 
Low-level 
input voltage 
0 
O.S 
V 


VIH' 
High-level 
input voltage 
2 
VCC 
V 


I'L 
Low-level 
input current 
VCC= 
MAX 
VI 
= GNO 
-1 
IJ.A 


IIH 
High-level 
I Pin S2 
VCC= 
MAX 
VI 
=VCC 
1 
10 
IJ.A 


input current 
I All other 
pins 
1 
IJ.A 


VCC= 
MIN 
10L = SmA 
0.1 
0.4 
V 
VOL 
Low-level 
output 
voltage 
VCC= 
5V 
10L = 1IJ.A 
0.05 


VCC= 
MIN 
'OH = -6mA 
3.763 
4.1 


V 
VOH 
High-level 
output 
voltage 
VCC= 
5V 
'OH=-1IJ.A 
4.95 


IOZL3 
Vo 
= GNO 
0 
-10 
IJ.A 


'OZH3 
Off-state 
output 
current 
VCC= 
MAX 


Vo 
= VCC 
0 
10 
IJ.A 


Standby 
supply 
current4 
10 = 0 mA, V, = GNO or VCC 
0 
100 
IJ.A 
'CC 
Operating 
supply 
current 
f= 
1 MHz, 10= 0 mA, VI = GNOorVCC 
2 
55 
mA 


TEST 
INDUSTRIAL 
COMMERCIAL 
SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


(See Test Load) 


Input or feedback 
to output 
10HSA, 12H6A, 
14H4A, 
16H2A, 
tpo 
16C1A, 
10LSA, '2L6A, 
14L4A 
15 
25 
15 
25 
ns 
16L2A, 16LSA, '6R6A, 
16R4A, 


16PSA, 16RP6A, 
16RPSA 


Clock 
to output 
or feedback 


tCLK 
16R4A, 16R6A, 16RSA, 
10 
15 
10 
15 
ns 
16RP4A, 
16RP6A, 
16RPSA 
RL = 1 KO 


tpzx 
Inputto 
16LSA,16R4A, 
CL = 50 pF 
12 
25 
12 
25 
ns 
output 
enable 
16R6A,16PSA, 


tpXZ6 
Input to 
16RP4A,16RP6A 
14 
25 
14 
25 
ns 
output 
disable 


tpXZ6 
Pin 11 
to output 
16R4A,16R6A, 
12 
15 
12 
15 
ns 
tpzx 
disable/enable 
16RSA,16RP4A, 


Maximum 
16RP6A, 
16RPSA 


fMAX 
frequency 
2S.5 
40 
2S.5 
40 
MHz 


Notes: 
Apply to electrical 
and switching 
characteristics. 


1. 
These are absolute 
voltages 
with respect to the ground 
pin on the device and include 
all overshoots 
due to system and/or 
tester noise. Do not attempt 
to test 
these values without suitable equipment. 


2. 
Pin 8 (PRELOAD pin). Applies to all devices whether registered or non-registered. 
3. 
JEDEC standard no. 7 for high-speed CMOS devices. 
4. 
Disable output pins = VCC or GND. 
5. 
Add 3 mA per additional 1.0 MHz of operation over 1 MHz. 
6. 
CL = 5 pF. 


Absolute 
Maximum 
Ratings 


Supply 
voltage, 
VCC 
....................................•..........................•...................... 
-0.5 V to 7 V 
DC input voltage, 
VI 
......................................................•.....•.................. 
-0.5 V to VCC +0.5 V 
DC output 
voltage, 
Vo 
.........................................................•.........•........ 
-0.5 V to VCC +0.5 V 
DC output 
source/sink 
current 
per output 
pin, 10 
...............................•................................. 
±35 mA 
DC VCC or ground 
current, 
ICC or IGND 
...............•....................................................... 
±100 
mA 
Input diode 
current, 
11K: 
VI<O 
.........................................•................•...............•..•............•.......... 
-20 mA 
Vj>VCC 
............................................•..........................•..•..•..••..•............. 
+20 mA 
Output 
diode 
current, 
10K: 
VO<O 
.............................•...........................................................•.......... 
-20 mA 
VO>VCC 
..............................................•.................................•................ 
+20 mA 
Storage 
temperature 
.............•..•......................•.....•.....................•............... 
-65°C 
to 150°C 


VCC 


TES~POINT 


FROM OUTPUT 
RL 
Sl 
UNDER TEST 
(SEE NOTE 2) 


CL 
1 
(SEENOTE 1)I 


-=- 
':'" 


Notes: 
1. CL includes probe and jig capacitance. 


2. When measuring 
tpLZ and lpZL. 
51 is tied to VCC' 
When measuring lpHZand tpZHo 51 is tied to ground. 
tpzxismeasured 
with CL = 50 pF. tpxz 
is measured 
with CL = 5pF. 


When measuring 
propagation 
delay times of 3-s1ale outputs. 
51 is 
open, Le.. not connected 
to VCC or ground. 


3. Waveform 
1 is for an output 
with internal 
conditions 
such that the 


output 
is Low except when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with 
internal 
conditions 
such that the 


output 
is High except when disabled 
by the output 
control. 


Output Register 
PRELOADt 


The PRELOAD 
function 
allows 
the register 
to be loaded 
from 


data 
placed 
on the 
output 
pins. 
This 
feature 
aids 
functional 


testing 
of state sequencer 
designs 
by allowing 
direct 
setting 
of 


output 
states 
for 
improved 
test coverage. 
The 
procedure 
for 
PRELOAD 
is as follows: 


1. 
Raise VCC to 4.5 V. 


2. 
Disable 
output 
registers 
by setting 
pin 11 to VIH. 


Set pin 1 toOV. 


3. 
Apply 
VILIVIH 
to all registered 
output 
pins. 


4. 
Pulse pin 8 to Vp (12 V), then back to 0 V. 


5. 
Remove VILIVIH 
from 
all registered 
output 
pins. 


6. 
Lower 
pin 11 to VIL to enable 
the output 
registers. 


7. 
Verify for VOLIVOH 
at all registered 
output 
pins. 


t 
Note: Only applies to parts with output registers. 


Typical 
tsup = 50 ns 
twp 
= 100 os 


thp 
=50 ns 
IIH 
=30 ~A (Pin8) 


Enable/Disable 
Delay 


OUTPUT 
VIH 


CONTROL 
VT 
VT 
(Low-level 
enabling) 
VIL 


_tpZL_ 


VOH 


WAVEFORM1 
VT 
(See Note 3) 


...- 
·PZH -.. 


WAVEFORM2 
(SeeNote 3) 
VT 


VOL 


PIN 11 
VIH/~------------_\ 


VIL-./ 
'------ 


• 
Demonstrates 
all features 
of ZHAl20A 
product 


• 
4-bit up/down 
counter 
with reset 


• 
3·bit shlfter 


• 
25-ns maximum 
propagation 
delay 


• 
Zero standby 
power 


Description 


The ZHAL20A 
Evaluation 
Pattern 
is provided 
as an example 
of 


the features and characteristics 
ofthe 
ZHAL20A 
Series products. 


This design consists 
of two functionally 
independent 
patterns: 
a 


4-bit up/down 
counter 
and a 3-bit sh ifter. The 4-bit counter 
can 


count 
up or count down and has reset capability. 
These features 


are controlled 
by two control 
signals: 
UP and CNTRSET 
(Count 
Reset). When UP is high, the counter 
counts 
up. When UP is low, 
the 
counter 
counts 
down. 
CNTRSET 
overrides 
the 
count 


function 
and resets the counter 
to all ones, synchronous 
with the 


clock. 


The 3-bit shifter 
shifts data bits by 0,1 or 2 positions. 
The three 
bits of the shifter 
are enabled 
when 
EN (enable) 
is high, and are 
disabled 
(high-Z) 
when 
EN is low. 


The PALASM@2 software 
file and simulation 
results 
are shown 


on the next page. Below are the function 
tables that summarize 


the functions 
of the counter 
and the shifter. 


OE 
UP 
CNTRSET 
ClK 
03-00 
OPERATION 


H 
X 
X 
X 
Z 
High-Z 


L 
H 
L 
t 
Q plus 1 
Increment 


L 
L 
L 
t 
Q minus 
1 
Decrement 


L 
X 
H 
t 
High 
Reset 


H 
= 
HIGH voltage level 


L 
= 
LOW voltage level 


X 
= 
Don't care 
Z 
= High impedance 
(off) state 


, 
= 
LOW-Io-HIGH 
clock transition 


EN 
11 
10 
Y2 
Y1 
YO 
OPERATION 


L 
X 
X 
Z 
Z 
Z 
High-Z 


H 
L 
L 
D2 
D1 
DO 
No operation 


H 
L 
H 
DO 
D2 
D1 
Shift by one 


H 
H 
L 
D1 
DO 
D2 
Shift by two 


TITLE 
POS 
CONVERSION 
FILE 


PATTERN 
EXAMPLE 


REVISION 
1.00 
AUTHOR 
JOHN 
OOE 
COMPANY 
MONOLITHIC 
MEMORIES, 
INC 


DATE 
9/23/85 


TRACE_ON 
CLK 
10 
II 
DO 01 
02 
EN UP 
CNTRSET 
JOE 
Y2 
01 
02 
03 
00 
Yl 
YO 


SETr 
/CLK 
/OE 
/EN 


SETF 
OE 
EN 
/ll 
/10 
/02 
/01 
/00 
Y2 
Yl 
YO CNTRSET 
CLOCKF 
CLK 


EOUATIONS 


YO - 
/ll*/IO*/OO 


+ 
/ll* 
10*/01 
+ 
1l*/IO*/02 
YO.TRST 
- 
EN 


CHECK 
03 
02 
01 
00 


SETF 
/11 
/10 
/02 
/01 
/00 
Y2 
Y1 
YO /CNTRSET 
UP 


CLOCKF 
CLK 


Y1 
- 
/1l*/IO*/Ol 
+ 
/ll* 
10*/02 


+ 
11*/10*/00 


Yl.TRST 
- 
EN 


CHECK 
/03 
/02 
/01 
/00 


SETF 
/11 
10 
02 
/01 
DO /Y2 
/Yl 
YO 
CLOCKF 
CLK 


Y2 
- 
/1l*/10*/02 


+ 
/ll* 
10*/00 
+ 
1l*/10./01 


Y2.TRST 
- 
EN 
CHECK 
/03 
/02 
01 
/00 


SETF 
OE 
/CNTRSET 
UP 
CLOCKF 
CLK 


Ql 
:-/01* 
00* 
UP 
+ 
01· 
OO*/UP 


+ 
Q1./00* 
UP 


+/01·/00*/UP 
+ 
CNTRSET 


CHECK 
/03 
/02 
Q1 
QO 


SETF 
OE 
/CNTRSET 
UP 
CLOCKF 
CLK 


Q2 
: - 
CNTRSET 
+/02·/01·/00*/UP 
+ 
02./01* 
UP 


+ 
02. 
01*/00 
+/02* 
01* 
00* 
UP 


+ 
02* 
OO*/UP 


CHECK 
/03 
02 
/01 
00 


SETF 
OE 
/CNTRSET 
UP 
CLOCKF 
CLK 


Q3 
: - 
CNTRSET 


+ 
OJ* 
OO*/UP 


+/OJ 
*/Q2 
*/Q1*/QO*/UP 
+/QJ. 
Q2. 
Ql* 
QO* 
UP 
+ 
QJ* 
02*/Q1 


+ 
QJ* 
/Ql* 
UP 


+ 
OJ*/02* 
Q1 


+ 
03* 
01*/00 


CHECK 
/OJ 
02 
01 
00 


SETr 
OE 
/CNTRSET 
UP 
CLOCKF 
CLK 


CHECK 
OJ 
/02 
/Q1 
00 


SETF 
OE 
/CNTRSET 
UP 
CLOCKF 
CLK 


CHECK 
QJ 
/02 
01 
/QO 


SETF 
OE /CNTRSET 
UP 
CLOCKF 
CLK 


ZZZ 
Page 
1 
g 9 
cg 
cg 
cg 
cgcgcg 
cgcgcgcgcg 
cgcgcgcgc 


CLK 
LLLLHLLHLL 
HLLHLHLHLH 
LHLHLHLHLH 
LHLHLHLHL 
10 
XXLLLLLLUi 
HHLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLL 
11 
XXLLLLLLLL 
LLHHHHHHHH HHHHHHHHHH HHHHHHHHH 


DO 
XXLLLLLLUi 
HHLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLL 


01 
XXLLLLLLLL 
LLHHHHHRHH HHHHHHHHHH HHHHHHRHH 
02 
XXLLLLLLLH 
HHLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLL 


EN 
LUiHHHHHHH 
HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 


UP 
XXXXXXHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 


CNTRSET 
XXHHHHLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLL 


GNO 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLL 


/OE 
HHLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLL 


Y2 
XZHHHHHHHL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLL 


01 
ZZXXXHHHLL 
LLLUiHHHLL 
LUiHHHLLLL 
HHKHLLLUi 


02 
ZZXXXHHHLL 
LLLLLLLUiH 
HHHHHHLLLL 
LLLLHHHHH 


OJ 
ZZXXXHHHLL 
LLLLLLLLLL 
LLLLLlJlHHH 
HHHHHHHHH 


00 
ZZXXXHHHLL 
lJlHHLUiHLL 
HHLlJlHLlJlH 
LlJlHLUiHL 


Y1 
XZHHHHHHHL 
LLHHHHHHHH HHHHHHHHHH HHHHHHHHH 


YO 
XZHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHK 


VCC 
HHHHHHHHHH HHHHHRHHHH HHHHHHHRHH HHRHHHHHH 


CHECK 
QJ 
/02 
Q1 
00 


SETF 
OE 
/CNTRSET 
UP 
CLOCKF 
CLK 


CHECK 
OJ 
02 
/01 
/00 


SETF 
OE /CNTRSET 
UP 
CLOCKF 
CLK 


CHECK 
QJ 
02 
/Ql 
00 


SETF 
OE 
/CNTRSET 
UP 
CLOCKF 
eLK 


CHECK 
QJ 
Q2 
01 
/00 


TRACE_OFF 


Monolithlo W MellJories 


1---------, 
I 
MONOLITHIC 
MEMORIES 


I 
I 


I 
I 
I 
I 
I 
L 
---.J 


Company name: 
_ 


Address: 
_ 


Do you want: 
_ 
HAL 


Part Type: 
Customer Part Number: 
_ 


What package type do you want? 
_ 


How do you want the devices marked? 
Standard 
Custom mark: please specify the mark below. 


Refer to page 6-5 


Input medium: 
(Choose 1 of 3) 


1. 
9-track Magnetic_Tape 
_card 
image 
_files-11 
_ 
VAX VMS backup 


2. 
Floppy_Disk 
_RT-11 
_ 
RSX-11M 
_IBM 
PC 


The following items are requested but not required. Please check if provided: 


_Seed 
vectors 
_Master 
PAL device 


A. _ 
I want to start production immediately 
(or upon submittal of purchase order) if: 
1. Design is acceptable; 
2. MMI samples match my master device fuse 


for fuse; 


3. Minimum test coverage goals are met. 


(Master device must be provided.) 


B. _ 
Iwant to verify the MMI generated sample devices prior to 
production implementation. 


_ 
I want to approve the test vectors prior 
to production implementation. 


Submitted by: 
Date: 
_ 
Title: __ . 
_ 


Introduction 
•• 
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PROM EJI 


PLE™Devices D 


PAL® Devices D 


HAL®/ZHAL™ Devices D 


System Building Blocks/HMSln• D 


________ 
FI_FO_D 
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Multipliers [[II 


a-Bit Interface [EI 


Double-Density 
PLUS™ Interface E:E:I 


ECL10KH [9 


Logic Cell Array [EJI 


General Information D 


Advance Information [g 


Package Drawings 
~ 


Representatives/Distributors 
~ 


'lBble of Contents 


SYSTEM 
BUILDING 
BLOCKS/HMSI'" 


SELECTION 
GUIDE 
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FUNCTION 
PART NUMBER 


8-Bit Counter 
SN54/7 4LS461 A 


8-Bit 
Up/Down 
Counter 
SN54/74LS469A 


10-Bit Counter 
SN54/7 4LS491 A 


16:1 Mux 
SN54/74LS450 


Dual 8:1 Mux 
SN54/74LS451 


Quad 4:1 Mux 
SN54/74LS453 


Increment 
and Skip Counter 
671492 


2-Digit 
BCD Counter 
671493 


8-Bit 
Priority 
Encoder 
5/671494 
with 
Register 


a-Bit Counter 
SN54/74LS461A 


Featuresl 
Benefits 


• 8-blt counter for microprogram-counter, 
OMA-eontroller 
and general-purpose counting applications 


• 8 bits match byte boundaries 


• Bus-structured pinout 


• 24-pln SKINNYOIP® saves space 


• Three-state outputs drive bus lines 


• Low-current PNP Inputs reduce loading 


• Expandable In 8-bit Increments 


Description 


The 'LS461A is an 8-bit synchronous counter with parallel load. 
clear. and hold capability. Two function select inputs (10. 11) 
provide one of four operations which occur synchronously on 
the rising edge of the clock (CK). 


The LOAD operation loads the inputs I(D7-DO) into the output 
register (Q7-00). 
The CLEAR operation 
resets the output 
register to all LOWs. The HOLD operation holds the previous 
value regardless of clock transitions. The INCREMENT opera- 
tion adds one to the output register when the carry-in input is 
TRUE (C1 = LOW). otherwise the operation is a HOLD. The 
carry-out (CO) is TRUE (CO = LOW) when the output register 
(QrQo) 
is all HIGHs, otherwise FALSE (CO = HIGH), 


The data output pins areenabled when OE is LOW. and disabled 
(HI-Z) when OE is HIGH. The output drivers will sink the 24 mA 
reqUired for many bus interface standards. 


Two or more 'LS461A 8-bit counters may be cascaded to provide 
larger counters. The operation cQdes were chosen such that 
when 11is HIGH. 10may be used to select between LOAD and 
INCREMENT as in a program counter (JUMP/INCREMENT). 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS461A 
JS. W. 28L 
Mil 


SN74LS461A 
NS.JS 
Com 


OE 
CK 
11 
10 
CI 
07-00 
07-00 
OPERATION 


H . . . . . 
Z 
HI-Z· 


L 
1 
L 
L 
X 
X 
L 
CLEAR 


L 
1 
L 
H 
X 
X 
Q 
HOLD 


L 
I 
H 
L 
X 
0 
0 
LOAD 


L 
I 
H 
H 
H 
X 
Q 
HOLD 


L 
1 
H 
H 
L 
X 
Q plus 1 INCREMENT 


* When DE is HIGH, the Ihree-stateoutputs 
are'disabled 
to the high-impedance 
states; however, 
sequential 
operation 
of the counter 
is not affected. 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara. CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
Monolithic l!T!n 
Memories 
InJlW 


Monollthlo W Memories 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
..............................•..........•..................................................... 
7 V 
Input voltage 
5.5 V 
Off-state 
output 
voltage 
.. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage 
temperature 
.............................................................................•..... 
-65° 
to +150°C 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYPt 
MAX 
MIN 
TYPt 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125* 
0 
75 
°c 
I 
Low 
35 
15 
25 
15 
tw 
Width 
of clock 
I 
High 
20 
7 
15 
7 
ns 


tsu 
Setup time 
40 
20 
30 
20 


th 
Hold time 
0 
-15 
0 
-15 
ns 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL** 
Low-level 
input voltage 
0.8 
V 


VIH** 
High-level 
input voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC- 
MAX 
VI = 0.4 V 
-0.02 
0.25 
mA 


IIH 
High-level 
input 
current 
VCC = MAX 
VI = 2.4 V 
25 
IJA 


II 
Maximum 
input current 
VCC - MAX 
VI- 
5.5 V 
1 
mA 


VCC= 
MIN 
Mil 
IOL=12mA 


VOL 
Low-level 
output 
voltage 
VIL 
=0.8V 
0.3 
0.5 
V 


VIH 
=2V 
Com 
10L 
=24mA 


VCC - MIN 
Mil 
10H =-2 
mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8 V 
2.4 
2.8 
V 


VIH 
=2V 
Com 
10H = -3.2 mA 


10ZL 
VCC= 
MAX 
Vo 
=0.4V 
-100 


Off-state 
output 
current 
VIL 
= 0.8 V 
IJA 
10ZH 
VIH 
=2V 
Vo 
= 2.4 V 
100 


10S 
Output 
short-circuit 
current* 
VCC=5.0V 
Vo 
=OV 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC= 
MAX 
140 
180 
mA 
* No more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 
* *VIL and VIH parameters are, in effect. input conditions 
of D.C. and functional 
output t All typical 
values are at VCC =: 5 V. TA = 25°C. 


tests are not directly 
tested. VIL is specified 
at :::::0.8V and VIH is specified 
at ~2.0 V. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See Test Load/Waveforms) 
MIN 
TYPt 
MAX 
MIN 
TYPt 
MAX 


fMAX 
Maximum 
clock 
frequency* 
Commercial 
16.6 
25 
MHz 


tpD 
CI to CO delay 
Rl 
= 200!1 
15 
35 
15 
25 
ns 


tCLK 
Clock 
to Q 
R2 = 390!1 
10 
25 
10 
15 
ns 


tPD 
Clock 
to CO 
Military 
25 
60 
25 
40 
ns 


tpzx 
Output 
enable 
delay 
Rl 
= 390!1 
11 
25 
11 
20 
ns 


tpxz 
Output 
disable 
delay 
R2 = 750!1 
10 
25 
10 
20 
ns 


* fMAX is derived 
from: 
1/MAX Illsu + Ih). lw (low) 
+ lw (High). lelKI. 


OUTPUT 
Notes: 1. tpo is tested with switch 5, closed. CL =: 50 pF and measured at 1.5 V output level. 


2. tpzx is measured 
at the 
1 5 V output 
level 
with 
CL = 50 pF. 8, 
is open 
for 
high 
impedance to"'" 
test, and closed for high impedance to "0" test. 


3. tpxz 
is tested with CL = 5 pF. 81 is open for "1" to high impedance test, measured 
at VOH -0.5 V output level; 81 is closed for "0" to high impedance test measured at 
VOL +0.5 V output level. 


* The 
"Test 
Point" 
is 
driven 
by the outputs 
under test,and observed 
by instrumentation 


{ 


CK 
INSTR 
10 
11 


16-BIT 
DATA BUS 
IN 


16-BIT 


DATA BUS 
OUT 


a-Bit Up/Down Counter 
SN54/74LS469A 


• S-blt up/down 
counter 
for microprogram-counter, 
OMA- 
controller 
and general-purpose 
counting 
applications 


• S bits match 
byte boundaries 


• 
Bus-structured 
pinout 


• 24-pln 
SKINNYOIP® 
saves space 


• Three-state 
outputs 
drive 
bus lines 


• 
Low-current 
PNP inputs 
reduce 
loading 


• 
Expandable 
In S-blt increments 


Description 


The 
'LS469A 
is an 8-bit 
synchronous 
up/down 
counter 
with 
parallel 
load and hold 
capability. 
Three 
function-select 
inputs 
(LD, 
UD, 
CBI) 
provide 
one 
of 
four 
operations 
which 
occur 
synchronously 
on the rising 
edge of the clock 
(CK). 


The LOAD 
operation 
loads the inputs 
(07-00) 
into the output 
register 
(07-00). 
The HOLD 
operation 
holds the previous 
value 
regardless 
of 
clock 
transitions. 
The 
INCREMENT 
operation 
adds one to the output 
register 
when the carry-in 
input is TRUE 
(CBI = LOW), 
and the up/down 
control 
line (UD) 
is LOW, oth- 
erwise 
the operation 
is a HOLD. 
The carry-out 
(CBO) 
is TRUE 
(CBO 
= LOW) 
when 
the output 
register 
(07-00) 
is all HIGHs, 
otherwise 
FALSE 
(CBO 
= HIGH). 
The DECREMENT 
operation 
subtracts 
one from the output 
register 
when the borrow-in 
input 
is TRUE 
(CBI 
= LOW), 
and the up/down 
control 
line 
(UD) 
is 
HIGH, 
otherwise 
the 
operation 
is a HOLD. 
The 
borrow-out 
(CBO) 
is TRUE (CBO = LOW) when the output 
register 
(07-00) 
is all LOWs, otherwise 
FALSE 
(CBO 
= HIGH). 


The data output 
pins are enabled 
when OE is LOW, and disabled 
(HI-Z) 
when 
OE is HIGH. 
The output 
drivers 
will sink the 24 mA 
required 
for many bus-interface 
standards. 
Two or more 'LS469A 
8-bit 
up/down 
counters 
may 
be cascaded 
to 
provide 
larger 
counters. 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS469A 
JS, W, 28L 
Mil 


SN74LS469A 
NS,JS 
Com 


Logic Symbol 


vcc 


CBI CARRY/BORROW 


IN 


DO 
QO 


01 


02 


03 
DATA 
DATA 
IN 
OUT 
Q4 


05 


Q6 


07 
07 


14 CBO CARRY/BORROW 
OUT 


GND 


OE 
CK 
LO 
UO 
CBI 
07-00 
07-00 
OPERATION 


H 
* 
* 
* 
* 
* 
Z 
HI-Z* 


L 
r 
L 
x 
X 
0 
0 
LOAD 


L 
r 
H 
L 
H 
X 
a 
HOLD 


L 
r 
H 
L 
L 
X 
Q plus 
1 
INCREMENT 


L 
r 
H 
H 
H 
X 
a 
HOLD 


L 
r 
H 
H 
L 
X 
a minus 
1 DECREMENT 


* When OE isHIGH, 
the three-state outputs are disabled tothe high-impedance 


state: however, sequential operation of the counter is not affected. 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
Monolithic ~T!11 
Memories 
LnJn.U 


TnU:~I~~~~~;e.~~.~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
~:~ ~ 
Off-state 
output 
voltage 
5.5 V 
Storage 
temperature 
...................•...................•........................................... 
-65° 
to +150° C 


Operating 
Conditions 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYPt 
MAX 
MIN 
TYPt 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125* 
0 
75 
°c 


I 
low 
35 
15 
25 
15 
tw 
Width 
of ciock 
I 
High 
20 
7 
15 
7 
ns 


tsu 
Setup time 
40 
20 
30 
20 


th 
Hold time 
0 
-15 
0 
-15 
ns 


* 
Case temperature 
Electrical 
Characteristics 
Over Operating 
Conditions 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


Vll** 
low-level 
input voltage 
0.8 
V 


VIH** 
High-level 
input voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-0.8 
-1.5 
V 


III 
low-level 
input 
current 
VCC= 
MAX 
VI = 0.4 V 
-0.02 
0.25 
mA 


IIH 
High-level 
input 
current 
VCC= 
MAX 
VI = 2.4 V 
25 
!LA 


II 
Maximum 
input 
current 
VCC= 
MAX 
VI = 5.5 V 
1 
mA 


VCC- 
MIN 
Mil 
10l 
= 12 mA 


VOL 
low-level 
output 
voltage 
Vil 
=0.8 V 
0.3 
0.5 
V 


VIH 
=2V 
Com 
10l 
=24mA 


VCC = MIN 
Mil 
10H =-2 
mA 
VOH 
High-level 
output 
voltage 
Vil 
= 0.8 V 
2.4 
2.8 
V 


VIH 
=2V 
Com 
10H = -3.2 mA 


10Zl 
VCC= 
MAX 
Vo 
= 0.4 V 
-100 
Off-state 
output 
current 
Vil 
= 0.8 V 
!LA 
10ZH 
VIH 
=2V 
Vo 
= 2.4 V 
100 


10S 
Output 
short-circuit 
current* 
VCC = 5.0V 
Vo 
=OV 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC = MAX 
140 
180 
mA 


* No more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


* *VIL 
and VIH parameters 
are, in effect, 
input conditions 
of D.C. and functional 
output 
t All typical 
values are at VCC = 5 V, TA = 25°C. 


tests are not directly 
tested. VIL is specified 
at '50.8 V and VIH is specified 
at :2:2.0V. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See Test Load/Waveforms) 
MIN 
TYPt 
MAX 
MIN 
TYPt 
MAX 


fMAX 
Maximum 
clock 
frequency* 
Commercial 
16.6 
25 
MHz 


tPD 
CI to CO delay 
R1 = 200 n 
15 
35 
15 
25 
ns 


tClK 
Clock 
to Q 
R2 = 390 n 
10 
25 
10 
15 
ns 
tpD 
Clock 
to CO 
Military 
25 
60 
25 
40 
ns 


tpzx 
Output 
enable 
delay 
R1 = 390 n 
11 
25 
11 
20 
ns 


tpxz 
Output 
disable 
delay 
R2 = 750 n 
10 
25 
10 
20 
ns 


* fMAX is derived from: 1/MAX 
[(tsu + lh). lw (Low) + lw (High).ICLK]· 


OUTPUT 
Noles: 1 tpD is tested with sWitch S, closed, 
CL = 50 pF and measured at 1.5V output level. 


2. tpzx is measured 
at the 1.5 V output 
level with CL .::50 pF. S1 is open for high 


impedance 
to"1" test. and closed 
for high impedance 
to "0" test 


3 
tpxz 
is tested with 
CL:= 
5 pF. 81 is open for "1" to high impedance 
test, measured 
at VOH -0.5 V output 
level: 81 is closed 
for "0" to high impedance 
test measured 
at 
VOL" 
0.5 V output 
level. 


* The 
"Test 
Point" 
IS 
driven 
by the 
outputs 


under test. and observed 
by Instrumentation 


16·BIT 
DATA BUS 


IN 


16-BIT 
DATA BUS 
OUT 


1O·Bit Counter 
SN54/74LS491A 


• 
CRT vertical 
and horizontal 
liming 
generation 


• 
Bus-structured 
pinout 


• 
24-pln 
SKINNYDIP® 
saves space 


• Three-slate 
outputs 
drive 
bus lines 


• 
Low-current 
PNP Inputs 
reduce 
loading 


Description 


The 
'LS491/A 
is a 1G-bit up/down 
counter 
with 
set, load and 
hold capabilities 
for two LSB, two MSB and six middle 
bits that 


are HIGH 
or LOW 
as a group. 
Five control 
inputs 
(SET, 
LD, 
CNT, CIN and UP) provide 
one of five operations 
which 
occur 
synchronously 
on the rising 
edge 
of the clock 
(CK). 


The 
SET 
operation 
sets 
the 
output 
register 
(09-00) 
to 
all 
HIGHs. 
The LOAD 
operation 
loads the inputs 
(D9-DO) 
into the 
register. 
When 
COUNT 
or CARRY 
IN are not asserted 
(CNT = 
HIGH 
or CIN = HIGH). 
the HOLD 
operation 
holds 
the previous 
value 
regardless 
of clock 
transitions. 
The COUNT 
UP opera- 


OE CK SET LO CNT 
CIN UP 09-00 
09-00 
OPERATION 


H . . . . . . . 
Z 
HI-Z· 


L 
1 
H 
X 
X 
X 
X 
X 
H 
SET all HIGH 


L 
I 
L 
L 
X 
X 
X 
D 
D 
LOADD 


L 
I 
L 
H 
H 
X 
X 
X 
a 
HOLD 


L 
1 
L 
H 
L 
H 
X 
X 
a 
HOLD 


L 
1 
L 
H 
L 
L 
L 
X 
a plus 1 
COUNT 
UP 


L 
t 
L 
H 
L 
L 
H 
X 
Ominus1 
COUNTDN 


* When DE is HIGH, the three-state 
outputs are disabled 
to the high-inpedance 


states: however, sequential operation of the counter is not affected. 


PART 
TEMP 
PACKAGE 
DESCRIPTION 
NUMBER 


SN54LS491A 
Mil 
JS,W,L(28) 
10.5 MHz Counter 


SN74LS491A 
Com 
NS,JS,NL(28) 
25 
MHz Counter 


tion 
adds one to the output 
of the register 
when 
the count 
up 
input 
is asserted 
(UP = LOW). 
The COUNT 
DOWN 
operation 
subtracts 
one from the output 
register 
when 
the count 
up input 
is not asserted 
(UP = HIGH). 
SET overrides 
both 
LOAD 
and 
COUNT, 
LOAD 
overrides 
COUNT, 
and COUNT 
is conditional 
on CARRY 
IN. 


The data 
output 
pins 
are enabled 
when 
OE is LOW, and dis- 
abled 
(HI-Z) 
when 
OE is HIGH. 
The 
24-mA 
IOL outputs 
are 
suitable 
for 
driving 
RAM/PROM 
address 
lines 
in video 
gra- 
phics 
systems. 


vcc 


ao 


a1 


a2 


a3 


Q4 
DATA 


as 
OUT 


a6 


a7 


a8 


a9 


Of 


Monolithic ~1!n 
Memories 
LrUrUI 


Monolithic W Memories 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
...........................................•..................•..•..•...................•...... 
7 V 
Input voltage 
.............................•............................•...............•........................ 
5.5 V 


Off-state; 
output 
voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .. 
5.5 V 


Storage 
temperature 
.............................................................•.........•......•.. 
-65°C 
to +150°C 


Operating 
Conditions 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYPt 
MAX 


Vcc 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
°c 


I High 
15 
7 
'w 
Width 
of clock 
I low 


ns 
25 
15 


'su 
Setup time 
30 
20 
ns 


th 
Hold time 
0 
-15 
ns 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


Vil . 
low-level 
input voltage 
0.8 
V 


VIH. 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
= -18 mA 
-1.5 
V 


III 
Low-level 
input current 
VCC = MAX 
VI = 0.4 V 
0.25 
mA 


I IIH 
High-level 
input current 
VCC = MAX 
VI = 2.4 V 
25 
IJA 


II 
Maximum 
input 
current 
VCC = MAX 
VI = 5.5 V 
1 
mA 


Vee= 
MIN 


Val 
Low-level 
output 
voltage 
Vil 
= 0.8 V 
10l 
= 24mA 
0.5 
V 


VIH 
=2V 


I VOH 


Vee= 
MIN 
High-level 
output 
voltage 
Vil 
=0.8V 
10H = -3.2 
mA 
2.4 
V 


i 
VIH 
= 2 V 


10Zl 
Vee= 
MAX 
Va 
= 0.4 V 
-100 
IJA 


: 10ZH 
Off-state 
output 
current 
Vil 
= 0.8 V 


VIH 
=2V 
VO=2.4V 
100 
IJA 


! 10S·· 
Output 
short-circuit 
current 
Vee 
= 5 V 
Va = 0 V 
-30 
-130 
mA 


I Ice 
Supply 
current 
Vee 
= MAX 
120 
180 
mA 


'* VIL ad V1H par<lmelers are. In effect. Input conditIons 
010 C. and Functional output tests and are not dIrectly tested. VIL ISspecified at 
0.8 V. 


and VIH is specified at 
? a v 


* * NOI more than one output should be shorted at a time and dmation 
of the short Circuit should not exceed one second. 


t All typical ,,<lIliesrlre set at VCC 
5 V. TA" 
25°C. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See Test 
load) 
MIN 
TYPt 
MAX 
MIN 
TYPt 
MAX 


- 


fMAX 
Maximum 
counting 
frequency" 
Commercial 
15.3 
25 
MHz 
R1 = 200 n 
------- 


teLK 
Clock 
to a 
R2 = 390 n 
10 
25 
10 
15 
ns 
_. 


tpzx 
Output 
enable 
delay 
Mil 
11 
25 
11 
20 
ns 
R1 = 390n 
-_._. 


tpxz 
Output 
disable 
delay 
R2 = 750n 
10 
25 
10 
20 
ns 
rr-::::. 
v 
t1~TES 


;PO 1$ tested \" itll SWllct\ $, closed. CL :.-50 pF and me,lsured at 1.5 V outp\ll 
l(lVel 


tpzx J mC<lslItpd 
al the 1.5 V output level with CL 
50 pF 5, is open for high im~edilnce 
10' 1" Ie-sl.<lndclosed for high impedance to "0' fest 


tpxz 
i~ tested with CL 
5 pF. 51 is open for 'T' to high impedance test. mea"ured at VOH -0.5 V output level: $, IS closed for "0" to high impedance 


!P5l mt~(lslJledal VOL 
t 0.5 V output level. 


* The "Test Point" is driven by the outputs under test. 


and observed by instrumentation 


Timing Analysis: 


Path 1 - 
Outputs 
of 
74lS491A 
setting 
up 
at 
PAL16R4A 


inputs 


tPDcK-aI74LS491A 
+ tSUPAL 16R4A = 15 ns + 25 ns = 40 ns 


Path 2 - 
Outputs 
of 
PAl16R4A 
setting 
up 
at 
74lS491A 


inputs 


tPDcK-a/PAL 
16A + tSU74LS491A 
= 25 ns + 30 ns = 55 ns 


Accordingly, 
the worst-case 
timing 
of the two 
paths 
is 55-ns, 
which 
results 
in a maximum 
video dot clock 
frequency 
of 18.18 
MHz. Strict 
interpretation 
of the 60 Hz field rate NTSC Standard 
suggests 
that 
up to 52.1 !-'sec of time 
is available 
for active- 
raster-line 
duration. 
In practice 
however, 
most 
CRT 
monitors 


overscan 
the screen 
to correct 
horizontal 
sweep 
nonlinearities. 
As a consequence, 
the horizontal 
blanking 
time 
is increased, 


and the active video time decreased, 
typically 
to about 
40 !-,sec. 


For the application 
circuit 
shown 
above, 
over 512 dots 
(pixels) 


for one line can be displayed: 


40 !-'sec per line 
--------= 
727 pixels 
55 ns per pixel per line 


Normally, 
at least a 10-bit counter 
is required 
to provide 
a video 


timing 
chain for such resolutions. 
The 74LS491A 
combined 
with 
a high-speed 
PAL@ (PAL 16R4A) is capable 
of generating 
a com- 
plete 
set of video 
timing 
signals. 
Note 
that 
in the application 


circuit, 
the maximum 
horizontal 
count 
[H MAX (n-1») is decoded 


one 
clock 
early, 
due 
to the 
Hevel 
pipelining 
used to obtain 
circuit 
speed. 


16:1 Mux 
SN54/74LS450 


• 24-pin SKINNYDIP® saves space 


• Similar to SNsn41SO 


• Low-current PNP inputs reduce loading 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS450 
JS,W 
128L 
IMil 


SN74LS450 
NS, JS 
I 
Com 


Description 


The 16:1 Mux selects one of sixteen inputs, EOthrough E15, 
specified by four binary select inputs, A, S, C and D. The true 
data is output on Y and the inverted data on W. Propagation 
delays are the same for both inputs and addresses and are 
specified for 50 pF loading. Outputs conform to the standard 
8 mA LS totem-pole drive standard. 


INPUT 
OUTPUT 
SELECT 
W 
Y 
0 
C 
B 
A 


L 
L 
L 
L 
EO EO 


L 
L 
L 
H 
E1 
E1 


L 
L 
H 
L 
E2 
E2 


L 
L 
H 
H 
E3 
E3 


L 
H 
L 
L 
E4 
E4 


L 
H 
L 
H 
Es 
E5 


L 
H 
H 
L 
E6 
E6 


L 
H 
H 
H 
E7 
E7 


H 
L 
L 
L 
Ea 
E8 


H 
L 
L 
H 
Hi 
E9 


H 
L 
H 
L 
E10 
E10 


H 
L 
H 
H 
E11 
E11 


H 
H 
L 
L 
E12 
E12 


H 
H 
L 
H 
E13 
E13 


H 
H 
H 
L 
E14 
E14 


H 
H 
H 
H 
E15 
E15 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
Monolithic ~f!n 
Memories 
Il1JlW 


,>upp'y 
vonage 
vee 
I.U v 
Input voltage 
..................................................................................•................ 
5.5 V 


Off-state 
output 
voltage 
5.5 V 


Storage 
temperature 
...........................................•....................................... 
-65° 
to +1500e 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Vee 
Supply 
voltage 
4.5 
5 
55 
475 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125' 
0 
75 
°e 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


Vie 
Input 
clamp 
voltage 
Vee 
- MIN 
II = -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
Vee 
- MAX 
VI 
= O.4V 
0.25 
mA 


IIH 
High-level 
input 
current 
Vee 
- MAX 
VI 
= 2.4V 
25 
I1A 


II 
Maximum 
input 
current 
Vee 
- MAX 
VI 
= 5.5V 
1 
mA 


Vee 
- 
MIN 


VOL 
Low-level 
output 
voltage 
VIL 
= 08V 
10L 
= 8mA 
0.5 
V 


VIH 
= 2V 


Vee 
= MIN 
Mil 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
Com 
10H 
= -3.2mA 


10S 
Output 
short-circuit 
current * 
Vee 
= 5.0V 
Vo 
= OV 
-30 
-130 
mA 


Ice 
Supply 
current 
Vee 
= MAX 
60 
100 
mA 


* No more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


tAil 
typicals 
values are at ~QC 
= 5 V, TA = 2S"C. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See Test 
Load) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


eL 
= 50 pF 


tpo 
Any 
input 
to Y or W 
R 1 = 5600. 
25 
45 
25 
40 
ns 


R2 
= 1.1ko. 


* The 
"Test 
Point" 
is 
driven 
by the outputs 
under test, and observed 
by instrumentation 


NOles: 
tpo is tested with switch 8, closed. CL = 50 pF and mpasured at 1.5 V output level 


OUTPUT 
lpZX is measured at the 1.5 V output level with CL = 50 pF. 81 is open for high 
impedance 
to"1" test. and closed 
for high impedance 
to "0" test 


0--0 
5 V 
3 tpxz is tested with CL := 5 pF. 8, is open for "1" to high impedance test, measured 


Rl 
S1 
at VOH -0.5 V output 
level: 81 is closed 10r "0" to high impedance 
test measured at 
VOL +0.5 V output 
level 


{ 


23 


TEST 
22 


SELECT 
21 


20 


TEST 0 


TEST 1 
E1 
A 


TEST 2 
E2 
B 


TEST 3 
E3 
C 


TEST 4 
E4 
0 


TEST 5 
E5 
Y 
TEST 


TEST 6 
E6 
W 
TEST 


TEST 7 
E7 
E15 


TEST 8 
E8 
E14 


TEST 9 
E9 
E13 


TEST 10 


TEST 11 


TEST 12 


TEST 13 


TEST 14 


TEST 15 


Dual 8:1 Mux 
SN54/74LS451 


• 24-pin SKINNYDIP@saves space 


• Twice the density of SN5/741S151 


• Low-current PNP inputs reduce loading 


Description 


The Oual 8:1 Mux selects one of eight inputs, DOthrough 07, 
specified by three binary select inputs, A, Band C.The true data 
is output on Y when strobed by S. Propagation delays are the 
same for inputs, addresses and strobes and are specified for 
50 pF loading. Outputs conform to the standard 8 mA LStotem- 
pole drive standard. 


INPUTS 
OUTPUTS 


SELECT 
STROBE 
Y 
C 
B 
A 
S 


X 
X 
X 
H 
H 


L 
L 
L 
L 
DO 


L 
L 
H 
L 
01 


L 
H 
L 
L 
02 


L 
H 
H 
L 
03 


H 
L 
L 
L 
04 


H 
L 
H 
L 
05 


H 
H 
L 
L 
06 


H 
H 
H 
L 
07 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS451 
JS,W 
128L 
Mil 


SN74LS451 
NS, JS I 
Com 


Monolithic ~1!1I 
Memories 
InJn.U 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
.....................................................•...................•................... 
7.0 V 
Input voltage 
.....................................................•.....•....................................... 
5.5 V 
Off-state 
output 
voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage 
temperature 
........•..........................•..............•................................ 
_65° to +150°C 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125' 
0 
75 
°C 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


V1H 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
- 
MIN 
II 
= -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
- 
MAX 
VI 
= O.4V 
0.25 
mA 


IIH 
High-level 
input 
current 
VCC 
- 
MAX 
VI 
= 2.4V 
I 
25 
pA 


II 
Maximum 
input 
current 
VCC 
- 
MAX 
VI - 5.5V 
1 
mA 


VCC 
- 
MIN 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
10L 
= 8mA 
0.5 
V 


VIH 
= 2V 


VCC 
- 
MIN 
Mil 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
Com 
10H 
= -3.2mA 


10S 
Output 
short-circuit 
current * 
VCC 
= 5.0V 
Va 
= OV 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC 
- MAX 
60 
100 
mA 


* No more than one output should be shorted at a time and duration 
of the short-circuit 
should not exceed one second. 
t All typicals 
values are at VCC 
=: 5 V, TA = 25°C. 


TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
UNIT 
(See Test 
Load) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CL 
= 50 pF 


tpo 
Any 
input 
to Y 
Rl 
= 56011 
25 
45 
25 
40 
ns 


R2 
= 1.lkl1 


* The 
"Test 
Point" 
IS 
driven by the outputs 
under test. and observed 


by InStrumentation 


Noles' 
1 tpD is tested with switch $, closed. CL :::50 pF and measured at 1.5 V output level. 


2 tpzx IS measured at the 1 5 V output level with CL :::50 pF $, is open for high 
impedance to"'" 
test. and closed for high impedance to "0" test 


3 tpxz is tested WIth CL - 5 pF. $, ISopen for .,," to high Impedance test. measured 


fit VOH -0 5 V output level; 5, ISclosed for "0" to high Impedance test measured at 
VOL +05 V outpllt level. 


IN 
BUS 
ABCOEFG 
--- 
BIT 0 
r.- 
- 
m 
L.!. 
I 
24 


BIT 0 
r=" 
100 
'::'I 
Ll. 
-101 
A-~ 


BIT 0 
I'j' 
102 
221 
a.;;. - 
B- 
~ 
BIT 0 
'4 
103 
~ 
L.;;. - 
C- 
-.:.I 


BIT 0 
'5 - 
IiQI 
L.;;. 
104 
S- ~ 
BIT 0 
'& - 
- ~ 
BIT 0 
105 
lY 
L.;;. 
~ 
BIT 0 
r"'j 
~ 
BIT 1 
L,;" - 
106 
2Yf-- ~ 
BIT 0 
"'i - 
107 
207 
~ 
L,;" 
f-- 


10""' 
BIT 1 
r;' - 
t-- 7i' 
L:. 
200 
206 
P 
BIT 1 
'iO 
~ 
L:.:. - 
201 
205 f-- ~ 
BIT 1 
I"ji' 
202 
204 a- 
a.;.;. - 
203 
t-- 


m 
I 


~ 
. 


BIT 1 


BIT 1 


BIT 1 


BIT 1 


BIT 1 


I 
-- 
BIT 2 
r; 
- 
lEI 
L,,;. 


BIT 2 
rz 
100 
~ 
L.:;, - 
101 
A- 
~ 
BIT 2 
I'j' 
102 
'i2' 
a.;;. - 
B - .-. 
BIT 2 
'4 - 
103 
"2iI 
to..:. 
C - -.:.I 
'. 


BIT 2 
7 - 
104 
- izo' 
L,;" 
S 
1-1 
BIT 2 
'& 
~ 
BIT 2 
- 
105 
lY t-- 


L,;" 
10""' 
BIT 2 
r"'j - 
106 
t-- 7i' 
BIT 3 
... 
2Y 
10""" 
BIT 2 
"'i - 
107 
~ 
L,;" 
207 f-- 


10""' 
BIT 3 
r;' - 
t-- 7i' 
L,;" 
200 
206 
~ 
BIT 3 
'iO - 
201 
f-- ~ 
~ 
205 
~ 
BIT 3 
'i1 - 
202 
204 - a- 
~ 
203 


BIT 3 
m 
I 
~ 


BIT 3 


BIT 3 


BIT 3 


BIT 3 


. 


Quad 4:1 Mux 
SN54/74LS453 


• 24-pin 
SKINNYDIP® 
saves space 


• lWice 
the density 
of SN5174LS153 


• 
Low-current 
PNP inputs 
reduce 
loading 


Description 


The Quad 
4:1 Mux selects 
one of four 
inputs, 
CO through 
C3, 
specified 
by two binary 
select 
inputs, 
A and B. The true data is 
output 
on Y. Propagation 
delays 
are the same for inputs 
and 
addresses 
and are specified 
for 50 pF loading. 
Outputs 
conform 
to the standard 
8 mA LS totem-pole 
drive standard. 


INPUT 
OUTPUTS 
SELECT 
Y 


B 
A 


L 
L 
CO 


L 
H 
C1 


H 
L 
C2 


H 
H 
C3 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS453 
JS,W 
128L 
Mil 


SN74LS453 
NS, JS 
I 
Com 


TWX: 
910-338-2376 
2175 Mission 
College 
Blvd. 
Santa 
Clara, 
CA 95054-1592 
Tel: (408) 970-9700 
TWX: 
910-338-2374 
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lEI 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
Vee 
..........................•.............•.................................................... 
7.0 V 
Input voltage 
....................................................•.............................................. 
5.5 V 
Off-state 
output 
voltage 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage 
temperature 
.......•.....•..•..•..•...........•.............•..•.........•.....•............... 
_65° to +1500e 


PARAMETER 
MILITARY 
COMMERCIAL 
SYMBOL 
UNIT 


MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Vee 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125' 
0 
75 
°e 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


V1H 
High-level 
input 
voltage 
2 
V 


Vie 
Input 
clamp 
voltage 
Vee 
- MIN 
II = -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
Vee 
= MAX 
VI - O.4V 
, 
0.25 
mA 


IIH 
High-level 
input 
current 
Vee 
- MAX 
VI = 2.4V 
25 
JlA 


II 
Maximum 
input 
current 
Vee 
- MAX 
VI = 5.5V 
1 
mA 


Vee 
- 
MIN 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
10L 
= 8mA 
0.5 
V 


VIH 
= 2V 


Vee 
- 
MIN 
Mil 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
Com 
10H 
= -3.2mA 


10S 
Output 
short-circuit 
current * 
Vee 
= 5.0V 
Vo 
= OV 
-30 
-130 
mA 


Ice 
Supply 
current 
Vee 
MAX 
60 
100 
mA 


* No more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 
t Alllypicals 
values are at VCC = 5 V. TA = 2S·C. 


PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
SYMBOL 
UNIT 
(See Test 
Load) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


eL 
= 50 pF 


tpo 
Any 
input 
to Y 
R1 
= 5600 
25 
45 
25 
40 
ns 


R2 
= 1.1kO 


* The 
"Test 
Point" 
is 
driven by the outputs 
under test. and observed 
by instrumentation 


Notes' 
1 IPO is tested with switch $, closed. CL :; 50 pF and measured at 1.5 V output level. 


2. IpZX IS measured at the 15 V output level with CL = 50 pF 5, is open for high 
Impedanre to"'" 
test. and closed for high impedance to "0" test 


3 tpxz IS tested with CL 
5 pF S, is open for "," to high impedance test. measured 
at VOH -05 V output level: 5, ISclosed for "0·· to hIgh impedance test measured at 
VOL '-0.5 V output level 


BUS 
SELECT 


20 
21 


BITO 
~----v--- EI 
~ 
I 
24 
BITO 
""=' 
1CO 
~ 
to.! f-- 
1C1 
A f-- ~ 


BITO 
:If--1C2 
BI- 
E 
. 


BITO 
'7 
2i' 
f-- 
1C3 
4C3 f-- 
.... 
•••• 
BIT1 
rs 
20" 
BIT 0 
L.;;. f-- 
2CO 
1Y I- 
,;;j 
BIT1 
'7 
jiI 
"- 
BIT 1 
L.;;.I-- 2C1 
2Y '-- ~ 
BIT1 
r'j' 
ii' 
BIT 2 
f-- 
2C2 
3Y- 
•... 
.... 
- . , 


BIT1 
"'i' 
jjI 
- . 
~, 
BIT 3 
L.;;.I-- 2C3 
4Y- ••• 
BIT2 
"'i' 
ii' 
L.;;.I-- 3CO 
4C2 - ., 


I' 
BIT2 
'iii 
'is' 
~ I-- 3C1 
4C1 - .... 
BIT2 
'ii 
3C2 
4CO m-- 
....I-- 


3C3 
- 
~ 


ffi 
I 


~ 
BIT2 


BIT3 


BIT3 
, 


BIT3 


BIT3 
, 


BIT4 
r."~E1 
~ 
r 
24 
BIT4 
""i 
1CO 
~ 
L;. f-- 
1C1 
A I- 
~ 
BIT4 
:]1-- 1C2 
B f-- E 


BIT4 
3: I-- 1C3 
4C3 f-- :E 


BIT 4 
BITS 
:1 f-- 
2CO 
1Y f-- :E 


BITS 
BIT S 


BITS 


~ 
f-- 
2C1 
2Y I- :m 


BIT 6 
[I f-- 
2C2 
3Y ~ E 


BITS 
3: f-- 
2C3 
4Y - 
:m 
BIT 7 


BIT6 


BIT6 
[!I- 
3CO 
4C2 - 
E 


~ 
- 
3C1 
4C1 - 
E: 
~. 


BIT 6 
Pjj 
- 
3C2 
4CO - 
EJ---- 
•••• 
3C3 


BIT 6 
m 
~ 


BIT 7 


BIT 7 


BIT 7 


BIT 7 


• Octal counter for microprogram counters, OMA controllers, 
and general purpose counting applications 


• Bus-structured pinout 


• 24-pin SKINNYOIP@saves space 


• Low current PNP inputs reduce loading 


• Expandable in multiples of 8-bits 


• Increment by two function can be used as a 
microprogrammed SKIP or Short BRANCH, resulting In 
simplified microprogrammed control structures 


Description 


The Increment and Skip Counter (ISC) is an a-bit cascadable 
synchronous counter with the ability to be incremented by one 
or two on the rising edge of the clock line CK. All of the control 
inputs are synchronous with respect to CK. 


The LO input initializes the counter with data setup at the 07-00 
inputs. When the LO pin is HIGH prior to the rising edge of CK, 
data present at the inputs will be stored. If LO is LOW prior to 
clocking, a HOLD operation will take place. The LO pin, though 
synchronous with CK, operates independently of the count 
increment control SKIP. When SKIP is HIGH, the counter is 
instructed to count by one upon clocking. Alternately, when 
SKIP is LOW the counter will increment by two. To enable 
counting, the Count Input lineais required to be LOW. In many 
applications of the ISC, the a input can be used as a count 
enable/disable control node. 


During the increment by one operation, the Count Output signal 
CO is LOW when the count becomes hexadecimal FF.Similarly, 
CO is LOW for a count of hexadecimal FEduring the increment 
by two operation. At all other times, CO is HIGH. Accordingly, 
the CO output can be connected to the CI input of a succeed~ 
counter to expand in mUltiplesof a-bits. CO isnot affected by OE. 


The outputs 07-00 are enabled when the output enable control 
OE is LOW. Otherwise, when OE is HIGH, the outputs are 
three-stated. 07-00 
are fUlly buffered, and have 24 mA sink 
current capability, which is required of many bus interface 
standards. 


I PART NUMBER 
PACKAGE 
TEMPERATURE 


I 
671492 
NS, JS 
Commercial 


OE 
CK 
LO 
SKIP 
CI 
07-00 
07-00 
OPERATION 


H . . . . 
. 
. 
HI-Z· 


L 
H 
X 
X 
0 
0 
Load 


L 
L 
X 
H 
X 
00 
Hold 


L 
L 
H 
L 
X 
00+1 
Incr+1 


L 
L 
L 
L 
X 
00+2 
Incr +2 


* When OE is HIGH, 07-00 
are disabled to the high-impedance state: 


however, 
sequential 
operation 
of the counter 
is not affected. 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Absolute Maximum Ratings 
T~:~'~~~~~;e.~~~.:::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::. ·5.~~ 


~t:~~~~etZ~t:~~~~~g~.::::::::::::::::::: 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. 
':65~C't~~l~~~ 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


TA 
Operating free air temperature 
0 
75 
°c 


I Low 
35 


tw 
Clock width 
I High 


ns 


25 


tsu 
Setup time 
50 
ns 


th 
Hold time 
0 
-15 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
COMMERCIAL 
UNIT 
MIN 
TYPt 
MAX 


VIL* 
Low-level input voltage 
0.8 
V 


VIH* 
High-level input voltage 
2 
V 


V,C 
Input clamp voltage 
VCC= MIN 
1,=-18mA 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = 2.4 V 
25 
p.A 


II 
Maximum input current 
VCC = MAX 
VI=5.5V 
1 
mA 


VCC= MIN 


VOL 
Low-level output voltage 
V,L 
= 0.8 V 
10L = 24 mA 
V 
VIH = 2 V 
0.5 


VCC= MIN 


VOH 
High-level output voltage 
V,L 
= 0.8 V 
10H = -3.2 mA 
V 
V,H =2V 
2.4 


'OZL 
VCC= MAX 
VO=O.4V 
-100 
Off-state output current 
V,L 
= 0.8 V 
p.A 
10ZH 
V,H = 2 V 
VO= 2.4 V 
100 


10S** 
Output short-circuit current" 
VCC = 5.0V 
Va = 0 V 
-30 
-130 
mA 


ICC 
Supply current 
VCC = MAX 
120 
180 
mA 


* VIL and VIH are input conditions 
of output 
tests and are not, themselves, 
directly 
tested. As conditions 
of tests, VIL ~ 0.8 V and VIH ~ 2.0 V. 


* * Not more than one output should be shorted at a time and duration 
of the short-circuit 
should not exceed one second. 
t Typicals at VCC = 5 V. TA = 25"C. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
COMMERCIAL 
UNIT 
(see test load) 
MIN 
TYP 
MAX 


fMAX 
Maximum clock frequency 
12.5 
MHz 


tpD3 
CI to CO delay 
Commercial 
35 
50 
ns 


tpD1 
Clock to a 
CL = 50 pF 
20 
30 
ns 


tpD2 
Clock to CO 
R1 = 200n 
55 
80 
ns 
R2= 300n 


tpzx 
Output enable delay 
35 
45 
ns 


tpxz 
Output disable delay 
35 
45 
ns 


OUTPUTo---1f---~-(i)~. 
TESTPOINT 


cL 


Notes: 
1. tpD is tested with switch 
81 closed. 
CL = 50 pF and measured 
at 1.5 V output 
level. 


2. tpzx is measured 
at the 1.5 V output 
level with CL = 50 pF. 81 is open for high impedance 
to "1" test, and closed 
for high impedance 
to "0" test. 


3. tpxz is tested with CL = 5 pF. 81 is open for "1" to high impedance 
test. measured 
at VOH -0.5 V output 
level; 81 is closed 
for "0" to high impedance 
test measured 
at VOL +0.5 V output 
level. 
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Application 


The Increment 
and Skip Counter 
(ISC) is useful 
as a micropro- 


gram 
counter 
for a Micro-Programmed 
Control 
Unit (MCU). 
A 
block 
diagram 
of a general-purpose 
MCU is shown 
in Figure 
1. 


The 
ISC, 
being 
the 
central 
element, 
provides 
addresses 
for 
microprogram 
memory. 
This memory 
is typically 
built with bipo- 


lar 
PROMs 
(such 
as 
the 
63RS88 
shown). 
However, 
MaS 
EPROMs 
and 
EEPROMs 
can be used for greater 
density 
and 
lower 
cost, 
if speed 
is not particularly 
an important 
application 


requirement. 


As shown 
in Figure 
1, the Interrupt 
Request 
Lines position 
the 
microprogram 
Start Address 
through 
a priority 
encoder 
and a 


small 
(32x8) 
PROM. 
The priority 
encoder 
serves to reduce 
as 
many 
as eight 
Interrupt 
Request 
Lines down 
to a 3-bit 
binary- 


weighted 
field 
used 
as the 
address 
for 
the 
mapping 
PROM. 
Since 
only 
three 
of the 
five 
PROM 
addresses 
are used, 
an 


optional 
2-bit field can be applied 
to the PROM for diagnostics, 
or for task context 
switching. 
The Start Address, 
in conjunction 
with 
the 
Branch 
Address 
field, 
are 
connected 
to 
the 
Next 
Address 
multiplexer. 
Hence 
the Next 
Address 
multiplexer 
can 


select 
either 
of the two sources 
for branch 
address. 
The Start 


Address, 
essentially 
a forced 
branch 
operation, 
is used when an 


interrupt 
operation 
is requested 
externally 
to the MCU; whereas 
the 8-bit Branch 
Address 
Field, which 
can have up to 256 words 


of microinstruction 
memory, 
is utilized 
for specific 
conditional 
branches. 


The Control 
Field bits represent 
the control 
lines to the hardware 
that the MCU controls. 
These bit fields can either 
be encoded 
or 


unencoded. 
In most 
microprogrammed 
systems, 
the bit fields 
are usually 
unencoded 
and connected 
directly 
to the specific 
device under control. 
However, 
a performance 
compromise 
can 
be achieved 
if all ora portion 
of the Control 
Field is encoded. 
The 
advantage 
of this technique 
is that more functions 
can be con- 


trolled. 
The trade-off 
is in conserving 
the number 
of microin- 


struction 
bits allocated 
to the Control 
Field, versus the number 
of possible 
controlled 
functions. 
The two techniques 
are termed 


Horizontal 
and Vertical 
microprogramming. 
Horizontal 
refers to 
fully parallel 
operation 
of the bit fields; whereas, 
vertical 
implies 
some form 
of bit field encoding. 


The Conditional 
Control 
Field selects 
from 
among 
various 
con- 


dition 
codes 
that can cause 
microprogram 
branch 
operations. 


Two kinds of branch 
operations 
can be performed 
in this MCU. 


The conventional 
branching 
described 
previously 
uses the ISC 


LD line to allow 
the Branch 
Address 
to be loaded. 
Loading 
new 
data in the ISC effectively 
causes the microprogram 
to branch to 


the next instruction 
set by the Branch 
Address. 
The Skip facility 
can be used to quickly 
test several conditions, 
then finally 
take a 
conventional 
branch 
upon exiting 
all of the tests. 
If a test is not 


passed, 
then 
a single 
increment 
occurs. 
The microinstruction 
sequence 
can then branch 
to another 
part of the program, 
rather 
than 
complete 
the 
remaining 
tests. 
This 
conditional 
control 


structure 
makes 
complex 
test 
operations 
more 
manageable 
because 
the test operations 
can be unified 
by +2 offset caused 
by a skip. This contrasts 
to the longer 
branch 
operation, 
which 
required 
precomputing 
all of the target 
address 
in the micropro- 
gram for every exit a loop has. 


SYSTEM 
FUNCTION 
SELECT 


2-Digit BCD Counter 
671493 


• Drive numeric displays 


• Expansion in 2-digit increments 


• 24-pin SKINNYDIP® saves space 


• Bus structured pinout 


• Low current PNP inputs reduce loading 


• Three-state output drive bus lines 


Description 


The 2-digit BCD (Binary Coded Decimal) Counter is a synchro- 
nous counter with complementary count enables (CE1, CE2), 
parallel load (LD), and carry out (CO). Three control inputs (LD, 
CE1, CE2) provide one of three operations which occur syn- 
chronously on the rising edge of the clock (CK). 


The load operation loads the inputs (01 and 02) into the output 
register (01 and 02) when load is LOW. Note that the load line 
overrides the increment. 


When LD is not active, the counter will increment in a Binary- 
Coded-Decimal sequence if both count enables are asserted 
(CE1 = Land CE2 = H), otherwise it holds. 


Two or more BCD Counters can be cascaded to implement 
larger BCD counters bl.£2nnecting 
carry out (CO) of the first 
stage to count enable (CE1) of the second stage. This signal is 
not affected by OE. 


Parallel loading allows programmability 
of the BCD Counter 


and numeric indicator. 


This BCD Counter is ideal in an industrial control application 
where an event counter is needed to drive numeric displays. The 
device can receive one count enable in the form of strobes from 
a motor or other device. The second count enable can receive 
the period signal. With connections in this manner, the counter 
counts events during a period. The device will provide two active 
high BCD outputs (01 and 02) to drive two numeric indicators, 
which feature an on-board decoder/driver. 


COUNT ENABLE 2 


COUNT ENABLE 1 


LOAD- 


CARRY OUT 


CLOCK 


OUTPUT 
ENABLE 


PART NUMBER 
PACKAGE 
TEMPERATURE 
I 


671493 
NS, JS 
Com 
I 


OE CK i:i5 CE1 CE2 D1A-D1D/ Q1A-Q1D/ 
OPERATION 
D2A·D2D 
Q2A-Q2D 


H . . . . 
. 
Z 
HI-Z· 


L 
I 
L 
X 
X 
0 
0 
Load 


L 
I 
H 
H 
X 
X 
0 
Hold (CE1=H) 


L 
I 
H 
X 
L 
X 
0 
Hold (CE2=L) 


L 
1 
H 
L 
H 
X 
o plus 1 
Increment 


* When OE is HIGH, a1 and Q2 are disabled 
to the high-impedance 
state; 


however, 
sequential 
operation 
of the counter 
is not affected. 


BCD 
DIGIT 
IN 


vcc 


CE2 


01A 


01B 
BCD 
DIGIT 


01C 
OUT 


010 


02A 


02B 
BCD 
DIGIT 


02C 
OUT 


020 


CO (CARRY OUT) 


DE 


BCD 
DIGIT 
IN 


TWX: 910·338·2376 
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Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
..................................................•..•..•...................................... 
7 V 
Input voltage 
..........................•........•.............................•.....•........................... 
5.5 V 
Off-state 
output 
voltage 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage 
temperature 
.....................................•........................................... 
-65°C 
to +150°C 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free air temperature 
0 
75 
°c 
I Low 
35 
- 


tw 
Clock 
width 
I High 
ns 
25 


tsu 
Setup time 
50 
, 
ns 


th 
Hold time 
0 
-15 
ns 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
MIN 
TYPt 
MAX 


VIL * 
Low-level 
input 
voltage 
0.8 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC = MIN 
11=-18mA 
-1.5 
V 


IlL 
Low-level 
input current 
VCC = MAX 
VI = 0.4 V 
-0.25 
mA 


IIH 
High-level 
input current 
VCC = MAX 
VI = 2.4 V 
25 
pA 


II 
Maximum 
input current 
VCC = MAX 
VI=5.5V 
1 
mA 


VCC= 
MIN 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8 V 
10L = 24 mA 
0.5 
V 
VIH 
= 2 V 


VCC= 
MIN 
, 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8 V 
10H = -3.2 mA 
2.4 
V 
VIH 
= 2 V 


10ZL 
VCC- 
MAX 
Va = 0.4 V 
-100 
Off-state 
output 
current 
VIL 
=0.8V 
pA 
10ZH 
VIH 
=2V 
Va 
= 2.4 V 
100 


10S** 
Output 
short-circuit 
current" 
VCC = 5.0V 
Va 
= 0 V 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC = MAX 
120 
180 
mA 


* VIL and VIH are, in effect, input conditions of output tests and are not, themselves, directly tested. As conditions of tests, VIL:$ 0.8 V and VIH 2: 2.0 V. 
* * 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


t Typicals 
at vCC = S V. TA = 2SoC. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
(see test load) 
MIN 
TYP 
MAX 


fMAX 
Maximum 
clock 
frequency 
12.5 
MHz 


tpD1 
Clock 
to Q 
Commercial 
20 
30 
ns 


tpD2 
Clock 
to CO 
CL = 50 pF 


55 
80 
R1 = 200n 
ns 


tpzx 
Output 
enable 
delay 
R2 = 390n 
35 
45 
ns 


tpxz 
Output 
disable 
delay 
- 
35 
45 
ns 


MonolithIc W MemorIes 


Notes: 
1. tpD is tested with switch 
81 closed. 
CL = 50 pF and measured 
at 1.5 V output 
level. 


2. tpzx 
is measured 
at the 1.5 V output 
level with CL = 50 pF. 81 is open for high impedance 
to "1" test, and closed 
for high impedance 
to "0" test. 


3. tpxz 
is tested with CL = 5 pF. 81 is open for "1" to high impedance 
test. measured 
at VOH -0.5 V output 
level; 81 is closed 
for "0" to high impedance 
test measured 
at VOL +0.5 V output 
level. 


Monolithic W Memories 


The Event Counter 
can be implemented 
using the 2-Digit 
BCD 


Counters. 
The 
2-Digil 
BCD 
Counters 
control 
the display 
for 


three pairs of LED displays. 
The 2-Digit 
BCD Counters 
count the 
events. 


The displays 
are controlled 
by the output 
enable. 
These coun- 


ters 
display 
the 
count 
in 
105, 100s and 
1000s 
respectively. 
These simply 
count 
the occurrence 
of an external 
event. 
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a-Bit Priority Encoder 
with Register 


671494 


• Encodes eight data lines in priority 


I 


• Output enable capability 


• Three-state outputs drive bus lines 


Description 


The 8-Bit 
Registered 
Priority 
Encoder 
accepts 
data from 
eight 
inputs 
(17-10) and provides 
a binary 
representation 
on the three 
outputs 
(02-00). 
A priority 
is assigned 
to each 
input 
(with 
10 
having 
the highest 
priority 
line, and 17the lowest), 
so that when 


two or more inputs 
are simUltaneously 
active, the input with the 
highest 
priority 
is loaded 
into the output 
registers. 
Pin 14 serves 
as the 
interrupt 
flag 
(FLAG) 
and goes 
LOW when 
there 
is an 
interrupt 
present 
and remains 
HIGH 
when there 
is not interrupt 
present. 
The Priority 
Encoder 
registers 
are updated 
on the rising 
edge of the clock. 
The device also features 
four priority 
interrupt 


enable 
lines: E1, E2, 83, E4, which 
enable 
or disable 
the FLAG 
output. 
These enable 
Iines have no effect on the priority 
outputs 
02-00. 
All outputs 
are HIGH-Z 
when 
the output 
control 
line 
(OE) is HIGH, and OE operates 
independently 
of all other inputs. 


I 
PART NUMBER 
PACKAGE 
TEMPERATURE 


I 
671494 
N, J 
Com 


17 
16 
15 
14 
13 
12 
11 
10 
CLK 
OE 
FLAG- 
Q2 
Q1 
QO 


L 
X 
X 
X 
X 
X 
X 
H 
1 
L 
L 
H 
H 
H 


L 
X 
X 
X 
X 
X 
H 
L 
1 
L 
L 
H 
H 
L 


L 
X 
X 
X 
X 
H 
L 
L 
I 
L 
L 
H 
L 
H 


L 
X 
X 
X 
H 
L 
L 
L 
1 
L 
L 
H 
L 
L 


L 
X 
X 
H 
L 
L 
L 
L 
1 
L 
L 
L 
H 
H 


L 
X 
H 
L 
L 
L 
L 
L 
1 
L 
L 
L 
H 
L 


L 
H 
L 
L 
L 
L 
L 
L 
I 
L 
L 
L 
L 
H 


H 
L 
L 
L 
L 
L 
L 
L 
1 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
L 
L 
L 
1 
L 
H 
H 
H 
H 


X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
Z 
Z 
Z 
Z 


* 
Presumes E1, E2 = HIGH andEJ, E4 = LOW. If the states of these four lines 
are different, the FLAG output will be disabled (HIGH), 
regardless of 10-17. 
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Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
.........................................•.....•..•.....•...•.....•..•.........•......•........ 
7 V 
Input voltage 
.....................•...........•...................................•..•..•......................... 
7 V 
Off-state 
output 
voltage 
. . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage 
temperature 
.................•..............•.....•....•...............•..•.........•........ 
-65°C 
to +150°C 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
75 
°c 


TC 
Operating 
case temperature 
°c 


Clock 
width 
I Low 
25 
10 
tw 
I High 
25 
10 
ns 


tsu 
Setup time 
35 
15 
ns 


th 
Hold time 
0 
ns 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
MIN 
TYpt 
MAX 


VIL' 
Low-level 
input voltage 
0.8 
V 


VIH' 
High-level 
input voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC= 
MIN 
II = -18 mA 
-0.73 
-1.5 
V 


IlL 
Low-level 
input current 
VCC= 
MAX 
VI = 0.4 V 
-0.02 
-0.25 
mA 


IIH 
High-level 
input current 
VCC= 
MAX 
VI = 2.4 V 
25 
IlA 


II 
Maximum 
input current 
VCC= 
MAX 
VI = 5.5 V 
1 
mA 


VCC= 
MIN 


VOL 
Low-level 
output 
voltage 
VIL = 0.8 V 
10L = 24 mA 
0.3 
0.5 
V 
VIH = 2 V 


VCC= 
MIN 


VOH 
High-level 
output 
voltage 
VIL = 0.8 V 
10H = -3.2 mA 
2.4 
V 
VIH = 2V 


10ZL 
VCC= 
MAX 
Vo = 0.4 V 
-100 
Off-state 
output 
current 
VIL = 0.8 V 
IlA 
10ZH 
VIH= 
2V 
Vo = 2.4 V 
, 
100 


10S 
Output 
short-circuit 
current" 
VCC= 
MAX 
Vo = 0 V 
-30 
-70 
-130 
mA 


ICC 
Supply 
current 
VCC = MAX, Outputs 
open 
120 
180 
mA 


* VIL and VIH are. in effect, input conditions of DC and functional output tests and are not directly tested. 


VIL is specified at $ 0.8 V and VIH is specified ~ 2.0 V. 


** 
Not more than one output should be shorted at a time and duration 01 the short-circuit 
should not exceed one second. 
t Typicals at VCC = 5 V, TA = 25°C. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


fMAX 
Maximum 
clock 
frequency 
16 
25 
MHz 


tpLH 
15 
25 
Clock 
to output 
delay 
ns 
tpHL 
Commercial 
15 
25 


tpZL 
CL = 50 pF 
15 
25 
Output 
enable 
delay 
R1 = 200D 
ns 
tpZH 
R2= 390D 
15 
25 


tpLZ 
15 
25 
Output 
disable 
delay 
. 
. 
ns 
tpHZ 
15 
25 
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Notes: 
1. tpD is tested with switch 
51 closed. 
CL = 50 pF and measured 
at 1.5 V output 
level. 


2. tpzx is measured 
at the 1.5 V output 
level with CL = 50 pF. 5, 
is open for high impedance 
to "'" 
test, and closed 
for high impedance 
to "0" test. 


3. tpxz is tested with CL = 5 pF. 51 is open for "'" 
to high impedance 
test, measured 
at VOH -0.5 V output 
level; 5, is closed 
for "0" to high impedance 
test measured 
at VOL +0.5 V output 
level. 


"":r'.~r-,-J- 


CLK 
I 


Application: 
DMA and Interrupt Arbitration 


The Priority Encoder with Register has several applications in 
systems requiring arbitration among several competing request 
lines. In order to obtain a sufficiently quick response in a real 
time system, access to resources must be ordered, or weighted 
by priority of importance. For example, a computer and its 
peripherals may use a number of interrupt request lines for 
service requests. In some applications, a normal interrupt 
request is processed too slowly, and a faster means of receiving 
or sending data is required. In this situation, direct access to 
system memory could be required, and a DMA Controller used 
to perform the operations in cooperation with the host computer. 
Disk Drives commonly usethis technique; if more than one drive 
is in a system, a flexible means of arbitrating DMA requests 
would be required. 


Figure 1details how a Priority Encoder can be used to construct 
a Priority Interrupt Controller. Note that in this application, the 
inputs can either be DMA or Interrupt requests to the Host 
Computer. In fact, two circuits can becombined in one system to 
accommodate both types of requests. The expansion possibili- 
ties of Figure 1 will be covered after the basic operation of the 
circuit is explained. 


The Interrupt Controller consists of the Priority Encoder, an 
Interrupt Latch, an Interrupt Level Register, a Comparator, Flip- 
Flop and a single gate. For many applications the Comparator, 
Flip-Flop and gate could be realized in a PAL device, but are 


5/671494 
Priority Encoder 


with Register 


shown as separate elements for clarity. The Interrupt Latch can 
be a common 74LS373, or if additional speed is required, a 
745373 can be used. 


The registers of a Priority Encoder are clocked at a constant rate 
by the I-CLK signal, which means that any of the interrupt 
request lines 17-10 passed on by the interrupt latch are conti- 
nously sampled by I-CLK. The purpose ofthe interrupt latch isto 
freeze, or lock out, all interrupt requests once a validated inter- 
rupt is sent to the system. 


An interrupt isvalidated by the3-bit comparator shown in Figure 
1, and by the Priority Encoder flag signal. A prestored Mask 
Value from the Interrupt Level Register is compared with the 
current value of 02-00, and if the priority code is greater, and if 
FLAG is LOW,the system is informed that an interrupt is needed. 
FLAG normally goes low when any of the 17-10 lines are 
asserted High, if simultaneously all of the Priority Encoder ena- 
bles (E1, E2, E3 and E4) are asserted. 


Because of the fact that in a typical system interrupts can occur 
at irregular intervals, the Interrupt Controller must be capable of 
synchronizing to the cycle timing of the host machine. The 
on-chip registers of the Priority Encoder make possible this 
synchronization activity. The FLAG signal in combination with 
the host system timing, and the Interrupt Latch allows the host 
positive control over the Interrupt Controller. 


CLK 


El 
E2 
IN'fAi( 


I-CLK 
- 
INT SAMPLING 
CLOCK 
IRQ 
- 
INT REQUEST TO SYSTEM 
INTAK 
- 
INT ACK FROM SYSTEM 
SIE 
- 
SYSTEM INT ENABLE 


SiBER 
673480 
(Single Burst Error Recovery Ie) 


• 15 MHz data rate 


• selectable 
CRC or ECC polynomials 


• Standard 
16-bit 
CRC-CCITT 
polynomial 
detects 
errors 


• Computer-generated 
32-bit 
ECC polynomial 
exceeds 
the 


performance 
of Fire code 
polynomials 


• Double-burst 
error 
detection 
and single-burst 
error 


correction 
with 
ECC polynomial 


• Programmable 
correction 
span of 5, 8 or 11 bits 


• Hardware 
or software 
correction 
modes 


• separate 
receiver 
and transmitter 
ports 


• HOLD 
pin for Idle operation 


• 
Maximum 
of 1024 bytes 
of data 


• Inverted 
checkblts 
and selective 
Initialization 
to a HIGH 
state Improve 
reliability 


Description 


The SiBER (Single 
Burst Error Recovery) 
is a LSI error detection 


and correction 
circuit 
used to insure data integrity 
between 
two 


serial ports. An industry 
standard 
16-bit CRC polynomial 
and a 


32-bit 
computer-generated 
ECC 
polynomial 
are 
both 
imple- 


mented 
on this 
chip. 
Both 
polynomials 
have error 
detection 


capabilities, 
but 
only 
the 
ECC 
polynomial 
is used 
for 
error 


correction. 
The 
ECC 
polynomial 
has a maximum 
correction 


span of 11 bits in series and a maximum 
record 
length 
of 1024 


GND 
Rif 


iNiT 
TGS 


HOLD 
RGS 


SIC 
CGS 


SIT 
SIR 


SOT 
SIBER 
SOR 


vcc 
673480 
VCC 


CSO 
TEST 


CSI 
EOC 


CRC/ECC 
ERRFLG 


CLKIN 
PATT 


GND 
CLKOUT 


I 
PART NUMBER 
PACKAGE 
TEMPERATURE 


I 
673480 
J 
Com 


bytes of data. The 16-bit CRC polynomial 
is the industry 
standard 


CCITT 
polynomial: 


x 16 + x 12 + x5 + 1 


The 32-bit 
computer-generated 
ECC polynomial 
is selected 
for 


its error 
detection 
span, 
and the high 
probability 
of detecting 


short double-burst 
errors: 


x32 + x28 + x26 + x19 + x 17 + xl 0 + x6 + x2 + 1 


The SiBER implements 
the transmit, 
receive, search, and correct 
algorithms, 
which 
are basically 
serial 
division 
operations. 
By 


simply 
asserting 
the appropriate 
control 
signals, 
spelled 
out in 


the "modes 
of operation" 
section 
of this data sheet, the user can: 


1) Append 
checkbits 
to the data under 
transmission. 


2) Generate 
the syndrome 
from 
received 
data. 


3) Correct 
erroneous 
data bits with the information 


embedded 
in the syndrome. 


Selective 
inversion 
of checkbits 
and selective 
initialization 
of the 


Internal 
registers 
to an all-one-state 
insure 
randomness 
in the 
encoded 
checkbits 
and, consequently, 
improve 
reliability. 


Typical 
applications 
of the SiBER 
include 
mass storage 
envi- 
ronments 
and data communication 
channels. 


SHIFT 


REGISTERS 
AND lOGIC 


ooc 
ERAFlG 
PATT 


TWX: 910-338-2376 
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PIN NUMBER 
SYMBOL 
PIN NAME 
FUNCTION 


1,12 
GND 
Ground 
Electrical Ground 


2 
INIT 
Initialize 
An active LOW asynchronous 
input pulse is used to reset all internal 
registers and output flags before transmitting 
or receiving any data. 


3 
HOLD 
Hold 
Raising this input HIGH puts the device in idle operation 
by holding 
its 
present state. The data present on SIT is sent to SOT. A LOW presented 
on this pin resumes normal operation. 


4 
SIC 
Serial Input 
During hardware correction, 
the buffered 
data ;s presented 
to this input 
Correction 
one bit at a time in reverse order. If the data bit is erroneous 
it is 
corrected 
and placed on SOT. See block diagram for data flow. 


5 
SIT 
Serial Input 
During the transmit 
mode, data to be transmitted 
is presented to this 
Transmitter 
input in a serial fashion. 


6 
SOT 
Serial Output 
Four different types of data are shifted out on this output 
(see block 
Transmitter 
diagram). 
Data on SIR appears on this pin during 
receive mode; 


corrected 
data appears during 
hardware correction, 
error syndrome 
appears during software correction; 
and error pattern appears during 
hardware/software 
correction. 


7,18 
VCC 
VCC 
+5 volt supply. 


8,9 
CSo, CS1 
Correction 
Correction 
spans that can be selected by specifying 
CSo and CS1 are: 


Span Select 
a 5-bit correction 
span (CSo = LOW, CS1 = LOW), an 8-bit correction 
span (CSo = LOW, CS1 = HIGH), and an 11-bit correction 
span (CSo = 
HIGH, CS1 = HIGH). The fourth 
state 
(CSo = HIGH, CS1 = LOW) is 
restricted and must never be entered. 
It is used by the factory during 
manufacturing 
to test the device for enhanced 
quality assurance 
and 
guaranteed 
functionality. 


10 
CRC/ECC 
CRC/ECC 
This input control 
line is used to select the desired polynomial. 
The 32-bit 
Select 
computer-generated 
ECC polynomial 
is selected when CRC/ECC 
is LOW 
and the 16-bit standard CRC-CCITT 
polynomial 
when CRC/ECC 
is HIGH. 


11 
CLKIN 
Clock Input 
This is the clock input, and the rising edge is used to strobe the data 
during the transmit, 
receive, and correction 
modes of operation. 


13 
CLKOUT 
Clock Output 
The Clock output 
is a delayed clock input. It is generally 
used for 
synchronization 
of all output signals from the SiBER. 


14 
PATT 
Pattern Flag 
This output 
is set HIGH (and remains set until initialized) 
Whim the error 
pattern is found by the SiBER. 


15 
ERRFLG 
Error Flag 
This output 
is set HIGH (and remains set until initialiZed) 
when the 
syndrome 
is nonzero. A nonzero syndrome 
at the end of the receive 
cycle means that the data read is in error. 


16 
EOC 
End of 
This output 
is set HIGH (and remains set until initialized) 
eleven clock 
Correction 
cycles after the pattern flag is set. 


17 
TEST 
Test 
This input must be tied to VCC for normal operation. 
This pin is used by 
the factory during manufacturing 
to test the device for enhanced 
quality 
assurance and guaranteed 
functionality. 


19 
SOR 
Serial Output 
Two different types of data are shifted out on this output 
(see block 
Receiver 
diagram). 
During the transmit 
mode, the data presented on SIT appears 
on this pin when TGS is HIGH, and check bits appear when TGS is 
pulled Law. 


20 
SIR 
Serial Input 
During the receive mode, data is presented to this input in a serial fashion. 


Receiver 


21 
CGS 
Correction 
This input controls 
the device during the search and correct 
modes. The 
Generate 
four options are: (1) Shift the syndrome 
when CGS is LOW immediately 
or Shift 
after a receive operation, 
(2) generate the error pattern when CGS is 
HIGH and the output PATT is LOW, (3) shift the error pattern when CGS 
is LOWered and the output 
PATT is HIGH, and (4) correct 
the burst of 
erroneous 
data when CGS is HIGH and PATT is HIGH. 


22 
RGS 
Receive 
This input controls 
the device during 
the receive mode. When 
Generate 
RGS= HIGH the syndrome 
is being generated. 
On the HIGH-to 
LOW 
or Shift 
transition 
of RGS, the error condition 
is latched; the error flag is set if the 
syndrome 
is nonzero and the SiBER enters correction 
mode. 


23 
TGS 
Transmit Gen- 
This input controls 
the device during 
the transmit 
mode. The two 
erate or Shift 
options are to generate checkbits 
(TGS = HIGH) and to shift checkbits 
(TGS= 
LOW). 


24 
RIT 
Receive/ 
This input pin controls 
the mode of operation. 
A LOW enables the 
Transmit 
transmit mode, and a HIGH enables the receive mode. 


Modes of Operation 


Pnor 
to performing 
any operation, 
the appropriate 
correction 


span and polynomial 
type must be selected. 
The settings 
of the 


control 
signals 
for each 
of the four 
options 
are summarized 


below: 


SIGNALS 
~ 


DESCRIPTION 
CRC/ECC 
'cso 
CS1 


a 
a 
a 
5-bit correction 
span, 


ECC polynomial 


a 
a 
1 
8-bit correction 
span, 


ECC polynomial 
a 
1 
1 
ll-bit 
correction 
span, 


ECC polynomial 


1 
X 
X 
No correction, 
CRC polynomial 
generation 


X 
1 
a 
Illegal state. It is only 
used 
by the factory 
for testing 
the devices. 


The four different 
modes of operation 
are tabulated 
below. Note 


that 
the 
CRC 
polynomial 
cannot 
go 
into 
the 
search/correct 
mode, 
but the other 
modes 
and functions 
are common 
to both 


the CRC and ECC polynomials. 


CONTROL SIGNALS 
DATA PATH 


MODE 
Rii' 
DESCRIPTION 
TGS 
RGS 
CGS 
IN 
OUT 


TRANSMIT 
a 
1 
x 
X 
SIT 
SOR 
Generate 
checkbits 
from 
the data placed 
on SIT. 


This data appears 
on SOA. 


a 
a 
x 
x 
X 
SOR 
Shift the checkbits 
serially 
on SOA. 


RECEIVE 
1 
X 
1 
X 
SIR 
SOT 
The data on SIR appears 
on SOT. Simultaneously, 


the syndrome 
is generated 
in the 32-bit 
feedback 


shift 
register. 


1 
X 
I 
X 
X 
X 
Set the error 
flag if the syndrome 
is nonzero. 


SEARCH 
1 
X 
a 
1 
X 
X 
Search 
for the error 
pattern. 


(ERRFLG= 
H, 
1 
X 
a 
a 
X 
SOT 
Shift the syndrome 
serially 
on SOT. 
PATT= 
L) 
(software 
correction) 


CORRECT 
1 
X 
a 
1 
SIC 
SOT 
Data placed 
on SIC is corrected 
and placed 


(ERRFLG 
= H, 
on SOT. (hardware 
correction) 
1 


PATT= 
H) 
1 
X 
a 
a 
X 
SOT 
Shift the error 
pattern. 
(software/hardware 
correction) 


HIGH the device starts to generate 
checkbits 
forthe 
data present 


on SIT. The data on SIT also appears 
on the SOR output. 
When 


the last data bit is transmitted, 
LOWerTGS 
and the 32 checkbits 


for the ECC polynomial 
or the 16 checkbits 
for the CRC poly- 
nomial 
are serially 
shifted 
out on SOR. Figure 
1 shows 
the data 


flow during 
the transmit 
mode. TGS must remain 
low for at least 


32 clock cycles for the ECC polynomial 
or 16 clock cycles for the 


CRC polynomial 
to allow 
all the checkbits 
to be shifted 
out. 


In this mode, the SiBER generates 
the unique 
checkbits 
for the 
data being transmitted. 
These checkbits 
are appended 
to the end 


of the data stream. 
To initialize 
the device 
INIT is asserted 
While 


Rif 
is LOW. The internal 
registers 
and the output 
flags are reset 


and the device 
is in the transmit 
mode. 
If TGS is LOW the SiBER 


will 
remain 
initialized 
until TGS is pulled 
HIGH. 
This feature 
is 


implemented 
to allow 
relaxed 
initialization 
timing. 
Once TGS is 


RECEIVER 
OUTPUT 
MUX 


TRANSMITTER 
OUTPUT 
MUX 
SIC 
iNff_ 


HOLD 


CRC/ECC 


TGS 
RIT- 


SOT 
output. 
When 
the 
last data 
bit, which 
is really 
the 
last 


checkbit 
that was appended 
to the block of data, is presented 
on 


SIR, the error 
flag 
ERRFLG 
is latched 
on the 
HIGH-to-LOW 


transition 
of RGS; the error flag is set for the case of a non-zero 


syndrome. 
When the syndrome 
is non-zero 
(ERRFLG 
= HIGH) 


and the EGG polynomial 
is asserted, 
then 
the search 
mode 
is 


invoked. 
The state of the control 
pin GGS determines 
the opera- 


tion 
performed. 
The correction 
cycle 
is not invoked 
when 
the 


GRG polynomial 
is asserted. 
Figure 2 shows the data flow during 


the receive 
mode. 


In this mode, 
data and checkbits 
are read from the SIR pin and 


the SiBER generates 
a syndrome. 
To initialize 
the device 
INIT is 


asserted 
while RIT is HIGH. The internal 
registers 
and the output 


flags are reset and the device 
is in the receive 
mode. 
If RGS is 


LOW the SiBER will remain 
initialized 
until RGS is pulled 
HIGH. 


The feature 
is implemented 
to allow 
relaxed 
initialization 
timing. 


Once 
RGS is HIGH, 
the device 
starts to generate 
the syndrome 


for the data present 
on SI R. The data on SI R also appears 
on the 


SHIFT 
REGISTERS 
AND LOGIC 


EOC 
ERRFLG 
PATT 


RECEIVER 
OUTPUT 
MUX 


TRANSMITTER 
OUTPUT 
MUX 
SIC 
iNff_ 


HOLD 


CRC/ECC 


The 
search/correct 
mode 
is used 
to 
find 
the 
error 
pattern 


required 
to correct 
the erroneous 
data record 
that has just been 


received. 
The error 
pattern 
can be found 
by shifting 
the 32-bit 


syndrome 
(left by the receive operation) 
backwards 
until a cor- 


rectable 
pattern 
is found, 
or the search 
is exhausted 
by clocking 


beyond 
the length of the data record 
(which 
indicates 
the error is 
uncorrectable). 
Note that the search/correct 
mode pertains 
only 


to EGG operations 
and not to GRG operations. 


When 
an error 
occurs, 
and correction 
of the error 
is desired, 
there are three methods 
of finding 
the error and correcting 
it, as 
foilows: 


1) 
Pass the syndrome 
on to the 
host 
processor 
for software 


correction. 


2) 
Perform a correction 
pattern search inside the SiBER and pass 


the 
error 
pattern 
on to the 
host 
processor 
for 
correction 


(hardware/software 
correction). 


3) 
Pass the data record 
to be corrected 
through 
the SiBER 
(in 


reverse order) 
while 
the SiBER 
performs 
the pattern 
search 


AND corrects 
the data record 
'on the fly' as it passes through 


the SiBER chip. 


Typicaily, 
after the last bit of the EGG field 
of the data 
record 
being 
read is clocked 
into the SiBER, 
RGS is deactivated 
and 


HOLD is activated. 
One clock 
later, the ERRFLG signal wiil reflect 


the final state of the EGG/GRG 
shift register. 
It is at this time the 


system 
must 
decide 
whether 
to perform 
a correction 
or not. 


Typicaily, 
in magnetic 
media 
implementations, 
the system 
may 
perform 
one or more 
retries on the data record 
before 
attempt- 


ing the correction 
(some 
systems 
wiil 
retry 
until 
subsequent 


received 
EGG fields 
or syndromes 
generated 
by receive opera- 


tions, are found 
to be identical). 


@B- 


SHIFT 
INPUT 
REGISTERS 
MUX 
AND LOGIC 


The 
Syndrome 
can 
be clocked 
out 
of the 
SiBER 
by simply 
deactivating 
the 
HOLD 
signal, 
ailowing 
the 
syndrome 
to 
be 
shifted 
out of the SiBER 
on the SOT line. If the SiBER 
is to be 
used 
to perform 
ail or part 
of the 
correction 
function 
(as in 
method 2 or 3), the GGS signal is activated 
and the HOLD signal is 
deactivated 
and the search 
operation 
begins. 


The first clock 
cycle 
of the search 
operation 
is used to prepare 


the syndrome 
for reverse polynomial 
shifting. 
From then on, the 


SiBER 
looks for error 
burst 
patterns 
to appear 
in the EGG shift 
register. The exact type of pattern 
searched 
for is dependent 
on 
the correction 
span selection 
input signals, 
GSO and GS1 (5-,8-, 


or 11-bit maximum 
burst lengths). 
When an error pattern that fits 
the qualifications 
of the correction 
span inputs 
is found 
in the 
proper 
position 
of the 
EGG shift 
register, 
the 
PATT signal 
is 


activated 
by the SiBER. 
If method 
2 is being 
used, then the error 
pattern 
is shifted 
out of the SiBER 
(by lowering 
the GSG input) 


when the PATT signal 
has become 
active 
(the HOLD 
signal can 
be used to aid in controiling 
the transition 
between 
searching 
and error 
pattern 
shifting, 
for system 
timing 
constraints). 
Note: 


the error pattern 
being shifted 
out of the SiBE R will be generated 
in the reverse order 
with respect 
to the original 
data received. 
It 


may also be noted that the error 
pattern 
extracted 
wiil be GS bits 
long (where GS represents 
the selected 
correction 
span) regard- 


less of the actual 
error burst length. 
When an error 
burst whose 


length 
is less than the correction 
span selected 
is found, 
the first 


N bits of the error pattern 
from the SiBER wiil be zeros (where 
N 
= correction 
span - actual 
error 
burst 
length). 
For example, 
if a 


single-bit 
error burst occurs 
and correction 
is performed 
with an 


8-bit 
correction 
span 
selected, 
then 
when 
the error 
pattern 
is 
found, 
the first seven bits of the error 
pattern 
out of the SiBER 
wiil be zeros, and the eighth 
bit wiil be a one. 
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PATT 


TRANSMITTER 
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MUX 
SIC 
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HOLD 


CRC/ECC 
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Figure 
3. Data Flow During 
the Search/Correct 
Mode lor Method 
1 and Method 
2. 
The Error Syndrome 
or Pattern Is Shifted 
Out on SOT 


Once the pattern is found, the number of clock cycles required 
to find it, NCC, is used to calculate the position of the error. The 
calculation is made with respect to the end of the data record 
including the 32-bit ECC field. The calculation is as follows: 
ED = NCC -1 (where ED is the Error Displacement in bits, NCC 
isthe Number of Clock Cycles required to find the pattern, and 1 
for the search preparation). Therefore, if the pattern is found in 
one clock, the error displacement, ED, will be zero, indicating 
the error pattern was found at the end of the ECC field olthe data 
record. 


Since the ECC field is used only for error detection and correc- 
tion, many systems do not store this field if dedicated hardware 
is used for correction. Therefore the Error Displacement equa- 
tion can be modified to calculate the distance with respect to the 
end of the data field, instead of the ECC field. The calculation 
would then be: ED = NCC - 33. Note that the Error Displacement 
can, in this case, be a negative number. This simply indicates 
that the error burst is partially, if not entirely, contained in the 
ECC field. Careful consideration for boundary conditions are 
required in these cases. 


The maximum number of clock cycles, MNC, to find a correcta- 
ble error pattern with the SiBER iscalculated as:MNC = DL + 33- 
CS (where DL is the number of bits in the data field, and CS the 
selected correction span). which corresponds to an error burst 
at the beginning of the data field. The search operation sho.uld 
be terminated if the PATT signal has not been activated within 
the number of clock cycles calculated in the above equation for 
MNC. If the error pattern cannot be found within MNC clock 
cycles, then the error is considered uncorrectable and no fu rther 
action can be taken. 


Method 3 is implemented with the SiBER by retransmitting the 
data record through the SiBER during the pattern search. Note: 
The data record is transmitted in reverse order with respect to 
the receive operation, during 
the search/correct 
operation. 


When the SiBER finds the error pattern, the data being pres- 
ented at the SIC input is XORed with the error pattern and 
retransmitted, via the SOT output, as corrected data. During 
other periods of the search/correct operation, the data pres- 
ented at the SIC input is retransmitted to the SOT output, 
unchanged. 


After a receive operation with an error condition present, the 
SiBER starts the search/correct operation, just as described for 
method 2, by asserting the CGS input line. For proper position- 
ing of the retransmitted data with respect to the error pattern to 
be found, the SiBER must be clocked once (if the data record 
retransmission includes the 32-bit ECC field) or thirty-three 
times (if the data record retransmission does not include the 
32-bit ECC field) before data bits are presented at the SIC input 
and captured at the SOT output. 


If the PATT output does not become active within MNC clock 
cycles, as calculated above, then the error is uncorrectable. 


Example: 


Data Field = 512 bytes = 4096 bits 
Correction Span = 11 bits 


MNC = (4096 + 33 -11) = 4118 clock cycles 


Therefore, with this format, all correctable error patterns must 
be found within 4118clock cycles from when the search/correct 
operation began, otherwise the error is uncorrectable. 


If a search operation finds the error pattern in 1787clock cycles, 
then the 11-bit error burst starts (in reverseorder) 1786bits from 
the end of the ECC field or 1754 bits from the end of the data 
field. This can be recalculated for forward displacement as (4096- 
1754-11) bits = 2331 bits from the beginning of, or starting with 
bit 4 of the 292nd byte, of the data field. Figure 4 shows the 
position of the error pattern in the data field. 


LAST BIT OF ERROR PATTERN 
FROM THE SIBER CHIP 


FIRST BIT OF ERROR PATTERN 
FROM THE SIBER CHIP 


I_ 
2331BITS-----------·I 
1-_~---1786 
BITS 
•• I 


171615141* 111017161+131211101 
17161+I*llloH 
615141312111017161sj4i 3\2 11101 
[7161514131211[0] 
LJ 


l-' 
LAST BYTE OF ECC 


~ 
~ 
293rdBYTE (BYTE 292) 
292ndBYTE (BYTE 291) 


-------------291.1 
BYTE (BYTE 290) 
2ndBYTE (BYTE 1) 


1.1 BYTE (BYTE 0) 
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Figure 5. Data Flow During Search/Correct Mode for Method 3. Data on SIC Is 
Corrected and Placedon SOT 


Multiple 
Burst Errors 


When there is an error, the error flag ERRFLG 
goes HIGH. 
If this 
error 
is within 
the correcting 
capability 
of the code, then PATT 


goes HIGH 
when the error 
pattern 
is found. 
If there 
is a multiple 
error 
of two 
or more 
bursts 
and the capability 
of the code 
is 


exceeded, 
then the pattern 
flag PATT remains 
LOW during 
the 


search 
mode. 
The 
SiBER 
is recommended 
for detecting 
and 


correcting 
bursts of errors 
in 1K bytes of data or a total of 8K bits 


in a serial stream. 
It can be used for even larger streams, 
but the 


probability 
of miscorrection 
is increased. 


Absolute 
Maximum 
Ratings 


Supply 
Voltage 
Vee 
......................................................................•....................... 
7 V 


Input Voltage 
7 V 


Off-state 
output 
Voltage 
...........................•.......................................•..•.................. 
5.5 V 


Storage 
temperature 
...............•..•..•.....•..•.......................................•............ 
-65° 
to +1500e 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


Vee 
Supply 
voltage 
4.75 
5 
5.25 
V 


tlPW 
Initialization 
Pulse Width 
7.8 
20 
- 
ns 


teReS 
eRe 
Initialize 
Set-Up 
Time 
7,8 
20 
12 
ns 


tRTS 
RIT Initialize 
Set-Up 
Time 
7,8 
15 
. 
8 
ns 


tGSS 
Generate 
and Shift Set-Up 
Time 
7,8.10.11 
50 
27 
ns 


tGSH 
Generate 
and Shift 
Hold Time 
7.8.10 
0 
ns 


tSIS 
Serial 
Input 
Set-Up 
Time 
7,8.11 
50 
32 
ns 


tSIH 
Serial 
Input 
Hold Time 
7.8 
0 
ns 


tHS 
Hold Set-Up 
Time 
6 
45 
24 
ns 


tHH 
Hold Time for Hold 
Input 
6 
0 
ns 


TA 
Operating 
free-air 
temperature 
0 
75 
°e 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


Vie 
Input 
clamp 
voltage 
Vee= 
MIN 
II 
= -18 
mA 
-1.5 
V 


IlL 
Low-level 
input current 
Vee= 
MAX 
VI 
= 0.4 V 
0.25 
mA 


IIH 
High-level 
input 
current 
Vee= 
MAX 
VI 
= 2.4 V 
25 
p.A 


II 
Maximum 
input current 
Vee= 
MAX 
VI 
= 5.5 V 
1 
mA 


Vee= 
MIN 


VOL 
Low level output 
voltage 
VIL 
= 0.8 V 
IOL=16mA 
0.5V 
V 


VIH 
= 2V 


Vee= 
MIN 


VOH 
High 
level output 
voltage 
VIL 
= 0.8 V 
10H = -3.2 mA 
2.4 
V 
VIH 
= 2V 


10S 
Output 
short-circuit 
current* 
Vee= 
5V 
Va 
= OV 
-30 
-130 
mA 


Ice 
Supply 
current 
Vee= 
MAX 
280 
360 
mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


~ 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


fMAX 
Maximum 
Clack 
Frequency 
6 
15 
MHz 


tSIO 
Serial 
Input 
ta Output 
Delay 
7,8,11 
25 
35 
ns 


tGSO 
Generate 
ta Serial 
Output 
Delay 
7-11 
25 
35 
ns 


tCLKO 
Clack 
ta Output 
Delay 
7,9,10 
49 
60 
ns 


tERR 
RGS ta ERR Delay 
8,9,10 
20 
30 
ns 


tpAT 
Clack 
ta PATT Delay 
10,11 
33 
42 
ns 


tEOC 
Clack 
ta EOC delay 
10,11 
33 
40 
ns 


tFR 
Initialize 
ta Flags Reset Delay 
8 
27 
35 
ns 


tCD 
CLKIN 
ta CLKOUT 
Delay 
6 
12 
18 
ns 


5V 


300n 


OUTPUT 
TEST POINT 


750n 
50pF 


Input Puis. = 3 V 
Input Rile and Fall Time 
(10'4-90'4) 
2.5 ns 
Measurement 
made at 1.5 V 


NOTES: 
1. After Initialization 
the chip is in a hold mode (idle) for as long as TGS is LOW. 


2. When TGS is HIGH, the data to be encoded is shifted into SIT. The maximum data length is 1K bytes. 
• 


3. When TGS is lowered in the transmit mode the check bits are shifted out on SOR. There are 32 checkbits for the ECG polynomial and 16 for the 


CRG polynomial. 


Monolithic W Memories 


NOTES: 1. After Initialization 
the chip is in a hold mode (idle) for as long as RGS is LOW. 


2. When RGS IS HIGH, the data followed by the checkbits is shifted into SIR. The syndrome is generated from this data. 


3. The error flage ERRFLG is pulled HIGH if the syndrome is non-zero or kept LOW if there is no error. 


SVN. = Syndrome Bit Valid 


J'" 
ERRFLG 
_ 


NOTES: 
1. When RGS is pulled LOW in the receive mode and eGS and PATT are LOW, the 16-bit syndrome 
for the CRG polynomial 
or the 32-bit syndrome 
for the 
ECC polynomial 
is shifted out on SOT. This is called the search mode. 


2. The error flag ERRFLG remains 
LOW when there is no error. 


SYN. = Syndrome 
Bit Valid 


NOTES: 1. When eGS 
1$ HIGH, the SiBER 
IS clocked 
until PATT is flagged. This is the search mode in which the location 
of the error pattern is determined. 


2. The error flag ERRFlG 
remains LOW if there is no error. 


3. A multiple error IS Indicated when ERRFlG is HIGH and PATT remains LOW. 


4. When eGS IS LOWered after PATT goes HIGH, the error pattern is shifted out on SOT. This is called the correction 
mode. 


5. 11 clock 
cycles after PATT is flagged, 
EGG goes HIGH. 


E.P. = Error Pattern Bit Valid 


ERRFLG 
-_r::~__~_ 


, """-+--1,,,,- 


j~ 


NOTES: 
1. Data placed on SIC is transmitted 
to SOT. This feature 
allows 
the user to implement 
a ready-modify-write 
operation 
on buffered 
data without 
paying 
attention to the pattern flag PATT. 


2. When eGS is HIGH the SiBER is clocked 
until 
PATT is flagged. 
This is the search mode in which 
the location 
of the error pattern 
is determined. 


3. The error flag ERRFLG remains 
LOW if there is no error. 


4. A multiple 
error is indicated 
when ERRFLG is HIGH and PATT remains 
LOW. 


5. When PATT is HIGH, the data across SIC is inverted. 
if erroneous, 
and shifted 
out on SOT. 


6. 11 clock cycles after PATT is flagged. 
EOe goes HIGH. 


C.D. = Corrected 
Data Bit Valid 


DATA 
SEPARATOR 
DR 
ADAPTER 


The 
SiBER 
and 
the 
Serializer/Deserializer 
(SERDES) 
block, 
shown 
in more 
detail 
in Figure 
13, reside 
in the front 
end of a 


typical 
system. 
This block 
will append 
the check bits to the data 


under 
transmission 
and it will generate 
the syndrome 
from 
the 


received 
data. Correction 
can be performed 
in case of an error. 


Four operations 
take place under 
external 
control 
provided 
by 


the control 
logic 
block. 
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Low-Power FIFOs 


CASCADABLEI 
MAXIMUM 
ORG. 
MAXIMUM 
FEATURES 
PACKAGES 
PINS 


STANDALONE 
DATA RATE 
ICC 


67L401* 
5 MHz 
64x4 
100mA 
N,J,NL 
(20) 
16 


67L402* 
5MHz 
64x5 
130mA 
N,J,NL 
(20) 
18 


C67L401D* 
15 MHz 
64x4 
100 mA 
IOL = 24mA 
N,J,NL 
(20) 
16 


C67L402D 
15 MHz 
64x5 
100 mA 
IOL = 24 mA 
N,J,NL 
(20) 
18 


C67L4033D 
15 MHz 
64x5 
115 mA 
IOL = 24 mA, Three-State, 
Status 
Flags 
N,J,NL 
(20) 
20 


C67L4013D 
15 MHz 
64x4 
100mA 
IOL = 24 mA, Three-State 
N,J,NL 
(20) 
16 


STANDALONE 
MAXIMUM 
ORGANIZATION 
FEATURES 
PACKAGES 
PINS 
DATA 
RATE 


67411A 
35 MHz 
64x4 
IOL = 24mA 
J 
16 


67412A 
35 MHz 
64x5 
IOL = 24mA 
J 
18 


67413A 
35 MHz 
64x5 
IOL = 24 mA, Three-State, 
Status 
Flags 
J 
20 


67411 
25 MHz 
64x4 
IOL = 24mA 
J 
16 


67412 
25 MHz 
64x5 
IOL = 24mA 
J 
18 


67413 
25 MHz 
64x5 
IOL = 24 mA, Three-State, 
Status 
Flags 
J 
20 


CASCADABLE 
STANDALONE 
MAXIMUM 
DATA 
RATE 
ORGANIZATION 
PACKAGES 
PINS 


C67401 
67401 
10 MHz 
64x4 
N, J, NL (20) 
16 


C67402 
67402 
10MHz 
64x5 
N, J, NL (20) 
18 


C67401 A 
67401 A 
15 MHz 
64x4 
N, J, NL (20) 
16 


C67402A 
67402A 
15MHz 
64x5 
N, J, NL (20) 
18 


C674018 
674018 
16.7 MHz 
64x4 
N,J 
16 


C674028 
674028 
16.7 MHz 
64x5 
N,J 
18 


DEVICE 
DESCRIPTION 
ORGANIZATION 
PACKAGES 
PINS 
MAXIMUM 
FREQUENCY 


67417 
Serializing 
FIFO Memory 
64x8/9 
J 
24 
28 MHz Serial 


Serial data buffering 
with optional 
Serial-te- 
10 MHz Parallel 


Parallel 
or Parallel-te-Serial 
data conversion 


674219 
FIFO RAM Controller 
Up to 64K words 
J 
40 
24 MHz Clock 


Provides 
control 
for SRAM to act as a 


FIFO buffer 


APPLICATION 
KEY REQUIREMENTS 
FIFO PRODUCTS 


Microprocessor/CPU 
Data rate of processor 
74S225/A 


Buffering 
System 
architecture 
(word 
width) 
C/67401/2AlB 
, 
67411/2/3A 


Peripherals 
High data rate or low power 
C/67401/2AlB 


Status 
flag 
67L401/2 
C67L401/2/3D 


DatafTelecom 
High data rate or low power 
C67L401/2/3D 
Status 
flags 
C67401/2/3D 


Word depth 
(high storage 
capacity) 
674219 


Data format 
(serial or parallel) 
67417 


Data Acquisition 
High data rate 
67411/2/3A 
74S225A 
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to Hold Your System Together 


Chuck Hastings 


Data-rate 
matching 
problems 
are a very basic part of the life of a 


builder 
of digital 
systems. 
Some 
important 
electromechanical 


devices 
such as disk drives 
produce 
or absorb 
data at totally 


inflexible 
rates governed 
by media 
recording 
densities 
and by 


the speeds at which small electric 
motors are naturally willing to 


rotate. 
Other 
devices 
such 
as 
letter-quality 
printers 
have 


maximum 
data rates beyond 
which 
they cannot 
be hurried 
up, 


and which 
are relatively 
slow compared 
to the rates of other 
devices 
in the system. 


Microprocessors 
and 
their 
associated 
main 
memories 
are 


generally 
faster 
and 
more flexible 
than other 
system 
compo- 


nents, but often operate with severly degraded 
efficiency 
if they 


must be diverted from their main tasks every few milliseconds 
to 


handle 
data-ready 
interrupts 
for individual 
dribs 
and drabs of 


data. While 
"one day at a time" 
may be a sound 
principle 
by 


which 
to live your life, "one bit at a time" or even "one byte at a 


time" is not a philosophy 
by which to make your microprocessor 
live if you 
want 
the best possible 
service 
from 
it. 


Today there are components 
called "FIFOs" which 
let you keep 


your 
hardware 
design 
simple, 
and 
let each 
portion 
of your 


system 
see the data rate which 
it wants to see, and yet let you 


avoid hobbling 
the performance 
of your software 
by constantly 
interrupting 
your 
microprocessor, 
or 
even 
by 
intermittently 


halting 
it in order 
to let DMA 
(Direct 
Memory 
Access) circuits 
take over control 
of the main memory 
for a short time. FIFOs 


may be thought 
of as "elastic storage" devices - 
"logical 
rubber 


bands" between the different 
parts of your system, which stretch 


and go slack so that data rates between different subsystems 
do 


not 
need 
to 
match 
up 
on 
a 
short-term 
microsecond-by- 
microsecond 
basis, but only need to average out to be the same 


over a much 
longer 
period 
of time. 


This tutorial 
paper both 
describes 
what 
FIFOs are in general, 
and introduces 
the 64x4 and 64x5 Monolithic 
Memories 
FIFOs 


in particular. 


FIFO is one of those made-up words, or acronyms, 
formed from 
the 
initials 
of a phrase 
- 
in this 
case, 
"First-In, 
First-Out." 
Originally, 
the phrase "First-In, 
First-Out" 
came from the field of 


operations 
research, 
where 
it 
describes 
a queue 
discipline 


which 
may be applied 
to the processing 
of the elements of any 


queue 
or 
waiting 
line. 
There 
is also 
a LIFO, 
or 
"Last-In, 


First~Out" queue discipline. 
The terms FIFO and LIFO have also 


been 
used for many years by accountants 
to describe 
formal 
procedures 
for allocating 
the costs of items withdrawn 
from an 


inventory, 
where these items have been bought over a period of 


time at varying 
prices. 


You can probably 
think of some simple, everyday objects which 


in some manner behave according 
to the FIFO queue discipline. 


For 
instance, 
little 
two-seater 
cable-drawn 
boats 
are drawn 
through 
an amusement 
park tunnel 
of love one by one, and 
must emerge from the other end in the same order in which they 
entered 
the 
tunnel 
- 
"First-In, 
First-Out." 
The 
old-time 
coin 
dispensers 
used 
by the attendants 
at such 
amusement 
park 
features, 
or by city bus drivers, are "buffer 
storage" 
devices for 


coins 
which 
handle 
the 
coins 
in 
this 
same 
manner. 
(See 
Figure 
1.) 


Notice also that the input of a coin into one of the tubes of such 
a coin dispenser 
through 
the slot at the top, and the output of a 
coin 
at the bottom 
of that tube when the lever for that tube is 


pushed, 
are completely 
independent 
events which 
do not have 
to be synchronized 
in any way, as long as the tube is neither 
totally 
empty 
nor 
totally 
full. 
However, 
if the 
tube 
fills 
up 
completely, 
a coin 
inserted 
into the slot will 
not go into the 
tube. 
Likewise, 
if the tube empties 
out completely, 
no coin 
is 
released from the tube at the bottom 
when the lever is pressed. 


The coin 
tube thus behaves as an asynchronous 
FIFO. Keep 
this 
homely 
example 
in mind. 


In computer 
technology, 
both the FIFO queue 
discipline 
and 
the 
LIFO queue 
discipline 
are frequently 
used to control 
the 
insertion 
and withdrawal 
of information 
from a buffer memory, 


or from 
a dedicated 
buffer 
region 
of some 
larger 
memory. 
In 
inpuVoutput 
programming 
practice, 
a FIFO memory 
region 
is 
sometimes 
referred to as a circular 
buffer, 
and in programming 
for 
computer-eontrolled 
telephone 
systems 
it 
is 
called 
a 
hopper. 
A LIFO memory 
region 
is usually referred to as a stack. 


Both 
FIFO 
and 
LIFO 
memories 
have 
frequently 
been 
im- 


plemented 
as special-purpose 
digital 
systems 
or subsystems, 
but as of the present 
time only 
FIFO 
memories 
are commonly 
implemented 
as 
individual, 
self-contained 
semiconductor 
devices. 


To give you the flavor of what these semiconductor 
devices 
are 


like, I'll describe 
the type 67401 64x4 FIFO and type 67402 64x5 


FIFO 
which 
have been 
available 
for several 
years from 
Mono- 


lithic 
Memories. 
("64x4" 
here means 
containing 
64 words 
of 4 
bits 
each.) 
These 
parts 
have 
a 
basic, 
easy-to-understand 
architecture 
and control 
philosophy. 
They also happen 
to be the 
fastest 
FIFOs available 
through 
normal 
commercial 
channels 
as 
of this writing, 
and they are in widespread 
use for applications 
ranging 
from 
microcomputers 
up to IBM-Iockalike 
mainframes 
and large special-purpose 
military 
radar processors. 
A 67401 is 
internally 
organized 
as follows: 


INPUT 
READY 


SHIFT 
IN 


TYPE 
HOW MANY 
(CUM.) 
lION 


Data 
In 
4 
4 
I 


Output 
4 
B 
0 


Control: 


Shift 
In 
1 
9 
I 


Shift 
Out 
1 
10 
I 


Master 
Reset 
1 
11 
I 


Status: 


Input 
Ready 
1 
12 
0 


Output 
Ready 
1 
13 
0 


Not 
Connected 
1 
14 
- 


Voltage: 


VCC 
(+5V) 
1 
15 
V 


Ground 
1 
16 
V 


The corresponding 
Iistfor 
the 67402 differs 
only in that there are 


five Data in lines rather 
than 
four, 
and five Output 
lines rather 
than 
four. 
The 
reason 
that 
there 
is an unused 
pin is that 
the 


67401 was originally 
designed 
as a faster 
bipolar 
upgrade 
of a 


MOS 
part, 
the 
Fairchild 
3341, 
which 
needs 
a second 
power- 


supply 
voltage 
(-12 V) as well as VCC. Much olthe 
description 
to 


be given 
here of the 67401 also applies 
to the 3341, except 
for 


data rate - 
the 67401 can operate 
at 5-35 MHz depending 
on the 


exact version, 
compared 
with approximately 
1 MHz for the 3341. 


Pinouts 
are indicated 
in the data sheet. 


The reason 
for having 
a 5-bit 
model 
as well as a 4-bit 
model 
of 


basically 
the same 
part 
is that 
if two 
4-bit 
FIFOs 
are placed 


side-by-side 
they 
make 
only 
an B-bit 
FIFO, 
and many 
people 


have FIFO applications 
which 
entail 
using a parity 
bit with each 


byte, andlor a frame-marker 
bit with the last byte of a frame 
or 


block, which 
means that they want 9-bit or 10-bit FI FOs. A 67402 


next 
to a 67401 
makes 
a 9-bit 
FIFO, 
and 
two 
67402s 
make 
a 


10-bit 
FIFO. But I'm getting 
ahead of myself. 


A logic HIGH 
signal 
on the Input Ready line indicates 
that there 
is at least 
one 
vacant 
memory 
location 
within 
the 
FIFO 
into 


which 
a new data word 
may be inserted.Likewise, 
a logic HIGH 


on the Output 
Ready line indicates 
thatthere 
is at least one data 


word currently 
stored 
within 
the FIFO and available 
for reading 


at the outputs. 
The operation 
of the FIFO 
is such 
that, once 
a 


data word 
has been inserted 
at the Data In lines (the top of the 


FIFO, as it were), this word automatically 
sinks all the way to the 


bottom 
(assuming 
that 
the 
FIFO 
was 
previously 
empty) 
and 


forthwith 
appears 
at the Output 
lines. (Remember 
the synonym 


hopper?) 
in keeping 
with 
the 
FIFO 
queue 
discipline, 
the first 


word which 
was inserted 
is the first one available 
at the outputs, 


and additional 
words 
may 
be withdrawn 
only 
in the order 
in 


which 
they were originally 
inserted. 


There 
is no provision 
for random 
access 
in these FIFOs, since 
their 
internal 
implementation 
uses 
one 
particular 
variation 
of 
shift-register 
technology. 
Each FIFO word 
consists 
of 4 (for the 
67401) or 5 (for the 67402) data bits, plus a control 
or "presence" 


bit which 
indicates 
whether 
or not the word 
contains 
significant 


information. 
There 
are 
thus 
4 
or 
5 data 
"tracks" 
and 
one 


presence 
"track" 
if you 
look 
at a FIFO 
from 
a magnetic-tape 


perspective. 
What the Master 
Reset input 
does is to clear all of 


the bits in the presence 
track, and in addition 
to clear the very 


last data word 
(at the "bottom") 
which 
controls 
the Output 
lines. 


The 
other 
63 data 
words 
are not cleared, 
but 
it doesn't 
really 


matter; 
their 
status 
is like 
unto 
that 
of operating-system 
files 


whose 
Directory 
entries 
have been deleted, 
in that they can no 


longer 
be read out 
and 
will 
get written 
over as soon 
as new 


information 
comes 
in. 


"'FIIlST-IN, 
FIIlST-OUT' 
... 
DESCIlIBES 
•• 
QUEUE 
DISCIPLINE 


WHICH 1M.., BE APPLIED TO THE PIlOCESSING 
OF THE ELEMENTS 


OF AN.., QUEUE ... 
" 


FIFOs: Rubber-Band 
Memories 
to Hold Your System 
Together 


We now 
return 
to what 
happens 
when 
a new data word 
gets 


inserted 
at the "top" 
of the FIFO. A mark 
(call it a "one") 
is made 


in the presence 
bit for word 00, the first word. Assume 
now that 


word 
01 is vacant, so that there is a "zero" in its presence 
bit. The 


internal 
logic 
of the FIFO then 
operates 
so that the data from 


word 
00 is automatically 
written 
into word 
01, the presence 
bit 


for word 01 is automatically 
set to "one," and the presence 
bit for 


word 
00 is automatically 
reset to "zero." 
If word 
02 is likewise 


vacant, 
the process 
gets repeated, 
and so forth 
untii the same 


piece of data has settled 
into the lowest vacant word in the FIFO 


- 
the 
next 
lower 
word, 
and 
all the 
rest, have "ones" 
in their 


presence 
bits, 
blocking 
further 
changes. 


Conversely, 
now 
assume 
that 
at the moment 
no data word 
is 


being 
input, but that one has just been output. 
Then the bottom 


word 
in the FIFO - 
word 
63 - 
has a "zero" 
in its presence 
bit, 


but ·there 
are a number 
of other 
words 
above 
it which 
have 


"ones" 
in their 
presence 
bits. The 
data 
in word 
62 then 
moves 


into word 63 in the same manner 
described 
above, and the data 


in word 
61 moves 
into word 
62, and so forth, 
until 
there 
is no 


longer 
any word 
in the FIFO havir;Jg a "one" 
in its presence 
bit 


which 
is above 
a word 
having 
a "zero" 
in its presence 
bit. The 


effect 
is that of empty 
locations 
bubbling 
up to the top 
of the 


FIFO. Or, in case you are one of those elite individuals 
who has 


been exposed 
to the concepts 
and jargon 
of m·odern semicon- 


ductor 
theory, 
you 
may prefer to think 
of the FIFO operation 
as 


one in which 
data ("electrons") 
flow from 
the top of the FIFO to 


the bottom, 
and vacancies 
("holes") 
flow from the bottom 
of the 


FIFO to the top. 
In the general 
case, of course, 
new data words 


are being 
input 
at the top and old ones are being 
output 
at the 
bottom 
at random 
times, and there is a dynamic 
and continually 


changing 
situation 
within 
the FIFO as the new data words 
drop 


towards 
the 
bottom 
and the vacancies 
bubble 
up towards 
the 
top, 
and 
they 
intermix 
along 
the way. 


An obvious 
consequences 
of this manner 
of operation 
in shift- 


register-technology 
FIFOs is that it takes quite a bit longer 
for a 
data word 
to pass all the way through 
the FIFO than the min- 
imum 
time 
between 
successive 
input 
or 
output 
operations. 


There 
are various 
versions 
of the 67401 and 67402, rated at 5, 7, 


10, 15, 16.7 or 35 MHz 
over 
commercial 
(O°C to +75°C) 
or 


military 
(-55°C 
to 
+125°C) 
temperature 
ranges. 
Thus, 
for 


instance, 
a 16.7-MHz 
FIFO 
can 
input 
data 
words 
at the 
top 


and/or 
output 
data words 
at the bottom 
at a sustained 
rate of a 


word 
every 60 nanoseconds. 
However, 
the "fall-through" 
time, 
tpT 
for 
these 
same 
FIFOs 
is stated 
in the 
data 
sheet 
as 1.3 


microseconds, 
which 
is a long enough 
time for 24 words 
to be 


input 
or 24 words 
to 
be output! 
There 
is in principle 
also 
a 


"bUbble-through" 
time for a single 
vacancy 
to travel from 
word 


63 all the way back to word 00, which 
should 
be identical 
to tpT' 


and 
probably 
is although 
as measured 
on 
a semiconductor 


tester 
it may 
differ 
by as much 
as 50 nanoseconds, 
which 
is 


probably 
due to artifacts 
of measurement. 
By the way, the stated 


operating 
frequencies 
and thetpT 
value are "worst-case" 
(gua- 


ranteed) 
numbers; 
the "typical" 
values observed 
in actual 
parts 


are necessarily 
somewhat 
better, 
since 
semiconductor 
manu- 


facturers 
are obliged 
to take any parts back which 
customers 
can 


prove do not meet the worst-case 
numbers, 
and some margin 
of 


safety 
is always 
nice. 


Besides 
Monolithic 
Memories, 
other 
manufacturers 
of 
high- 


speed FIFOs include 
Fairchild 
Semiconductor, 
Mostek, 
National 


Semiconductor, 
RCA, 
Texas 
Instruments, 
and TRW 
LSI Pro- 


ducts. 
MOS 
(slow) 
FIFOs 
are available 
from 
Advanced 
Micro 


Devices, 
FairchiidSemiconductor, 
Texas 
Instruments, 
Western 


Digital, 
Zilog, and probably 
other firms. FIFOs in development 
or 


available 
at just about 
all of these vendors 
also offer 
new bells 


and 
whistles 
which 
I haven't 
discussed, 
such 
as three-state 


outputs, 
serial 
(one-bit-at-a-time) 
as well as parallel 
data ports, 


and additional 
status 
flags. 
For instance, 
Monolithic 
Memories 


now has the 67413 FIFO which 
has a "half-full" 
flag which 
tells 


when 
half of the FIFO's words 
contain 
data, and also a second 
flag which 
indicates 
that the FIFO is either "almost 
full" 
(within 
8 
words 
of full) 
or "almost 
empty" 
(within 
8 words 
of empty), 


reminiscent 
of the "yellow 
warning 
interrupt" 
in Digital 
Equip- 


ment 
Corporation 
PDP-ll 
computers. 
This 
"almost-fUll/empty 


flag" can be used as an interrupt 
to a microprocessor 
to indicate 


that some 
action 
must 
be taken, 
and the microprocessor 
can 
then examine 
the "half-full 
flag" to see what it actually 
has to do. 


There are also other design 
approaches 
to the insides 
of a FIFO 


besides 
the one 
based 
on shift-register 
technology 
which 
has 


been described 
here. For instance, 
a FIFO may be organized 
as 


a random-access 
memory 
("RAM") 
with 
two 
counters 
capable 


of addressing 
the RAM right within 
the chip, an "in-pointer" 
and 
an 
"out-pointer." 
The 
counting 
sequences, 
of 
course, 
"wrap 
around" 
from 
the highest 
RAM address 
back to zero. The out- 
pointer 
chases the in-pointer, 
the region 
just traversed 
by the in- 


pointer 
but not yet by the out-pointer 
contains 
significant 
data, 


and 
the 
complementary 
region 
is' 
logically 
"empty." 
This 


approach 
involves 
good 
news and bad news: the good 
news is 


that the long 
fall-through 
time goes away, 
but the bad news is 


that now reading 
and writing 
typically 
interfere 
with each other 


- 
unless 
the 
RAM 
is 
"two-port," 
they 
cannot 
be 
done 


simultaneously 
at all. Also, since this approach 
is more costly 
in 
"silicon 
area" than the shift-register 
approach, 
it would 
not result 
in as large 
FIFO capacities 
for the same size die or the same 


power 
consumption. 
In practice, 
this approach 
has only 
been 
used for MOS 
FIFOs 
which 
have turned 
out to be quite 
slow. 


Another 
design 
approach 
is somewhat 
intermediate 
between 
the pure RAM approach 
as just described 
and the shift-register 


approach. 
It uses "ring 
counters" 
on the chip 
instead 
of full- 


blown 
binary 
counters. 
What this means in practice 
is that there 


are now two extra 
"tracks" 
along 
with the data tracks 
within 
the 


FIFO, plus also an input data bus and an output 
data bus. Single 
"one" 
bits move along 
the in-pointer 
track 
and the out-pointer 
track, 
and the out-pointer 
chases 
the in-pointer 
as before. 
The 


RAM is effectively 
two-port, 
arid the two 'parallel 
buses both go 


to 
each 
and 
every 
word. 
Texas 
Instruments 
has announced 
some 
small 
(16x4) 
bipolar 
FIFOs 
based 
on 
this 
technical 
approach. 
Like the pure 
RAM 
approach, 
it gets rid of the fall- 
through 
time but needs proportionally 
more silicon 
area to store 


a given 
number 
of bits. 


Designing 
with 
FIFOs 


Returning 
now to the Monolithic 
Memories 
67401 and 67402, if 


what 
you 
really 
need 
is a "deeper" 
FIFO, 
say 128x4 instead 
of 
just 
64x4, these 
parts are deSigned 
to cascade 
using 
a simple 
"handshaking" 
procedure, 
without 
any 
external 
logic 
at all! 
If 
FIFO 
B follows 
FIFO A in the cascading 
sequence, 
the Shift 
In 
control 
input of FIFO B is connected 
to the Output 
Ready status 


output 
of FIFO 
A, and 
likewise 
the Shift 
Out 
control 
input 
of 


FIFO A is connected 
to the Input Ready status output 
of FIFO B, 


and the Master 
Reset control 
inputs 
are all tied together. 
(See 


Figure 
3.) That's 
all there 
is to it. Any number 
of FIFOs may be 
cascaded 
in this manner. 


" ... THE MONOLITHIC MEMO~IES C6 7401 AND C6 7402 ... ARE 
DESIGNED TO CASCADE USING A SIMPL.E 'HANDSHAKING' 


P~OCEDU~E... " 


INPUT 
READY 


SHIFT 
IN 


SHIFT OUT 


OUTPUT 
READY 


~ 
DATA OUT 


J 


If what 
you 
really 
need 
is a "wider" 
FIFO, 
then 
you 
simply 
arrange 
64x4 
or 64x5 
FIFOs 
side-by-side 
up to the required 


width. 
Then, 
you 
use an external 
AND 
gate such 
as a 74S08 


or 74S11 to AND 
the 
Input 
Ready 
signals 
of the first 
rank of 
FIFOs 
if there 
is more 
than 
one 
rank, 
or of the only 
rank 
of 
FIFOs if there isn't. (See Figure 
12 in the FIFO data sheet.) Like- 


wise, a similar AND gate isalso needed to AND the Output 
Ready 


signals 
of the 
last 
rank 
of 
FIFOs. 
If you 
didn't 
provide 
these 


AND gates and just took the Input 
Ready signal of one FIFO as 


representative 
of when the whole array was ready, you would 
be 


taking 
the rather large gamble 
that you had correctly 
chosen the 
slowest 
row in this array 
- 
and if you chose 
wrongly, 
4-bit 
or 


5-bit 
chunks 
of your 
input 
word 
might 
not get read correctly 


into 
the 
FIFO 
where 
they 
were 
supposed 
to go. Ditto 
on the 


output 
side. So like use the AND 
gates. 


Although 
a humungus 
number 
of 67401s and 67402s are in use 


world-wide 
giving 
hassle-free 
service, 
it should 
be kept in mind 


that 
these 
devices 
are asynchronous 
sequential 
circuits. 
(One 


definition 
of "asynchronous 
sequential 
circuit" 
is "a fortuitous 


collection 
of 
race 
conditions," 
but 
that 
definition 
is unduly 
sardonic 
for 
very 
carefUlly 
designed 
parts 
such 
as these.) 
If 
your 
board 
is SUbject to noise, 
or if certain 
data sheet 
setup- 


time and hold-time 
conditions 
are occasionally 
not met, errors 


may 
occur. 
It is prudent 
system-design 
practice 
to every 
so 
often 
allow 
an array 
of FIFOs 
to empty 
out 
completely, 
and 


then 
issue 
a Master 
Reset. 
(I'm 
assuming, 
of course, 
to start 


with 
that 
you're 
not the 
kind 
of turkey 
who 
has to be told to 
issue 
a Master 
Reset as part of your 
power-up 
sequence.) 
In 
the event that you still get what appear 
to be occasional 
errors, 


very small 
(say from 
22 to 68 picofarads) 
capacitors 
from 
both 
the Shift 
In control 
input 
and the Shift 
Out input 
of a FIFO to 


ground 
will often 
eliminate 
these. 
But by all means start with a 


good circuit 
board - 
these are high-speed-Schottky-technology 
circuits, 
and like to see a lot of ground-plane 
metal on the board, 


along 
with 
other 
reputable 
interconnection 
practices 
such 
as 


0.1-microfarad 
disk 
capacitors 
between 
VCC 
and 
ground 
for 
each 
chip 
to bypass 
switching 
noise. 


The sequence 
of events 
which 
occurs 
during 
the operation 
of 


shifting 
a new data word 
into the "top" 
of a FIFO 
is shown 
in 


Figure 
3 
in 
the 
FIFO 
data 
sheet, 
and 
the 
corresponding 


sequence 
of events for shifting 
out the bottom 
word 
is shown 
in 


Figure 
7 in the FIFO data sheet. 
In both of these figures, 
it has 


been assumed 
that the external 
logic - 
whether 
it be the rest of 


your 
system, 
or just another 
FIFO - 
refrains 
from 
raising 
the 


respective 
Shift line to HIGH 
until the respeCtive 
Ready line has 


gone 
HIGH. 
If the Shift 
line is raised any earlier, 
it simply 
gets 


ignored. 


When 
two 
FIFOs 
are 
cascaded 
as shown 
in 
Figure 
3, the 


sequences 
of events 
shown 
in data-sheet 
Figures 
3 and 
7 are 


subject 
to the additional 
ground 
rule that the Output 
Ready line 


of the FIFO on the left in Figure 
3 (call it "FIFO A") is identically 


the Shift In line of the FIFO on the right (call it 'FIFO B'). And like- 
wise, the Input 
Ready line of FIFO B is identically 
the Shift Out 


line of FIFO A. In the terminology 
we have been using. 
FIFO A 
is the "upper" 
FIFO and 
FIFO 
B is the "lower" 
FIFO. Although 


you do not normally 
need to be concerned 
about what happens 


when two FIFOs are hooked 
together 
for cascaded 
operation 
in 


this manner, 
since the 'handshake" 
occurs 
quite 
automatically 


without 
the rest of your 
logic 
having 
to do anything 
to make it 


happen, 
it is an illuminating 
exercise 
to consider 
data-sheet 
Fig- 


ures 3 and 7 together 
in this 
light 
and see why 
the cascading 


works. 


In the general 
case, both 
FIFO A and FIFO B are neither 
com- 


pletely 
full 
nor completely 
empty. 
Thus, 
from 
the description 


already 
given 
of FIFO 
internal 
operation, 
after some 
period 
of 
time there will be a significant 
piece of data in word 63 or FIFO A 


and a "one" 
in the presence 
bit for that word. Since the word-63 


presence 
bit is what controls 
the Output 
Ready signal, the lalter 


will at some point in time go HIGH and at that same point in time 
the data word 
in FIFO A word 
63 is present 
at the output 
lines. 
Likewise, 
after some 
period 
of time there 
will 
be a vacancy 
in 


word 00 of FI FO B, and a "zero" 
in the presence 
bit for that word 


which 
in turn 
results 
in the 
Input 
Ready 
signal 
going 
HIGH. 


Remembering 
now that each of these Ready signals 
is in fact the 


respectively-opposite 
Shift signal 
for the other 
FIFO, it may be 


seen from data-sheet 
Figure 3 that the conditions 
for inputting 
a 


word 
into 
FIFO 
B have now 
been 
met, 
and 
from 
data-sheet 


Figure 
7 that the conditions 
for outputting 
a word 
from 
FIFO A 


and allowing 
the next available 
piece of data from 
somewhere 


further 
"up" 
in FIFO A to enter 
FIFO A word 
63 have also been 


met. The 
time 
delays 
shown 
in both 
data-sheet 
Figure 
3 and 


data-sheet 
Figure 7 from the event at 2 to the event at 3, and from 


the event 
at 4 to the event 
at 5A, are asynchronous 
internal- 


logic-determined 
times 
of the order 
of four or five gate delays, 


where the gates in question 
are high-speed-Schottky 
LSI inter- 


nal gates and have significantly 
less propagation 
delay than the 


551 gates you can read about 
in data sheets. 


Returning 
now to applying 
the timing 
analysis 
shown 
in data- 
sheet Figures 3and7 
to the case of FIFOAand 
FIFO Boperating 


in cascaded 
mode, notice 
that each movement 
(rising 
or falling) 


of the Ready signal for one FIFO is activated 
by the movement 
in 


put 
Ready 
A" which 
is the 
same 
signal 
as "Shift 
In B") 
and 


IRB/SOA, 
cannot 
both remain 
HIGH at the same time for more 
than a few nanoseconds, 
since if they are both HIGH a data word 


will pass between 
the two FIFOs as already 
described. 
So, at the 
point 
when both 
the sequence 
of events 
shown 
in data-sheet 
Figure 
3 and the sequence 
of events shown 
in data-sheet 
Figure 
7 have been completed, 
and consequently 
ORAISIB 
and IRB/- 


SOA have both gone 
HIGH 
again, another 
similar 
sequence 
of 


events 
occurs 
for both FIFOs and another 
word 
is passed, and 


so forth. 
This 
process 
continues 
apace 
until 
either 
ORAISIB 


sticks 
LOW, which 
can happen 
if FIFO A gets completely 
emp- 
tied out of data words 
and has "zeroes" 
everywhere 
in its pres- 
ence 
track; 
or until 
IRB/SOA 
sticks 
LOW, 
which 
can likewise 
happen 
if FIFO B gets completely 
filled 
and has "ones" 
every- 
where 
in its presence 
track. 
When 
such 
a deadlock 
situation 


occurs, 
it lasts until a new data word has been input into FIFO A 


and 
has had time to "fall 
all the way through" 
and settle 
into 
FIFO A word 63, or until the data word 
in word 63 of FIFO B has 
been read out and the resulting 
vacancy 
has had time to "bubble 
all the way back up" into FIFO B word 00, as the case may be. 


Various 
Uses for FIFOs 


The 
classical 
FIFO 
application, 
as already 
mentioned 
at the 
beginning 
of this 
paper, 
is that 
of matching 
the instantaneous 
data 
rates of two 
digital 
systems 
In a simple, 
economical 
way. 
One of the two systems 
may, for reasons 
of design 
economics 
or even of utter necessity, 
want to emit or absorb 
data words 
in 
ultra-high-speed 
bursts, 
whereas 
the 
other 
one 
may 
prefer 
to 
operate 
at a slow-but-steady 
data rate or even at an erratic 
rate 
which 
varies between 
ultra-slow 
and slow or even between 
slow 
and fast. No matter - 
it's all the same to an asynchronous 
FIFO 
such 
as the 67401 or 67402, as long 
as the input 
rate and the 
output 
rate do 
match 
up over a long 
period 
of time so that 
it 


neither 
fills 
up nor empties 
out. 


There are, however, 
some additional 
uses for FIFOs which 
arise 
from 
other, 
rather 
different 
circumstances. 
For instance, 
your 


digital 
system 
may 
simply 
need 
some 
extra 
buffer 
storage 
scattered 
around 
locally 
at 
different 
points 
on 
your 
block 
diagram, 
and 
you 
and 
your 
system 
may 
really 
just 
not 
care 
whether 
this 
storage 
is accessed 
on a random 
or on a queue 
basis. Under 
these circumstances, 
it is ordinarily 
less hassle to 
use a FIFO than 
to use a small 
RAM 
and come 
up with some 
extra 
logic to generate 
addresses 
and timing 
signals 
for it. Often 


the 
FIFO 
modus 
operandi 
is in fact 
the 
natural 
one 
for 
the 
application; 
as for instance 
when your system 
must accumulate 
a block 
of 64 characters 
and 
then 
run them 
by all at once 
in 


order 
to 
examine 
them 
for 
the 
presence 
of 
some 
control 


character, 
using 
some 
scanning 
logic 
- 
or 
perhaps 
even 
a 
microprocessor 
- 
which 
is otherwise 
occupied 
most 
of the 


time. 


A 
less 
obvious 
but 
interesting 
application 
of 
FIFOs 
is 
as 
automatic 
"bus-watchers" 
for jump-history 
recording 
for hard- 
ware 
or 
even 
software 
diagnostic 
purposes. 
A 
FIFO 
whose 
inputs 
are connected 
to a minicomputer's 
program 
counter 
or 
microprogram 
counter, 
or to a microcomputer's 
main address 
bus, may be operated 
so as to record 
every 
new jump 
address 


generated 
by 
the 
program. 
This 
way, 
if at 
some 
point 
the 
hardware 
freaks 
out or the operating 
system 
crashes, 
a record 
exists 
of the last 64 jumps 
which 
were taken 
before 
the system 
was 
halted, 
assuming 
of course 
that you 
have provided 
some 


.::>U\..II e:t IIt::\,;UIU 
VI jU"lfJ~ 
\,;c1l1 ue 
very 
valuaOle 
In tracing out wnat 


happened 
just 
before 
every1hing 
went 
haywire. 
FIFOs 
may be 
used in this way either as part of built-in 
self-monitoring 
features 
in digital 
systems, 
or as part 
of various 
kinds 
of external 
test 
equipment. 


FIFOs 
may 
also 
be 
used 
as controllable 
delay 
elements 
for 
digital 
information 
which 
cannot 
be 
used 
immediately 
upon 


receipt 
- 
perhaps 
it must be matched 
against 
other information 
which 
is not yet available, 
or perhaps 
it must be synchronized 
with 
other 
streams 
of information 
which 
are out of phase by a 
varying 
amount. 
An example 
of the latter situation 
is deskewing 
several 
bit-streams 
off 
a parallel-format 
magnetic 
tape, 
which 
commonly 
has to be done 
when 
high 
recording 
densities 
are 
used. 
One 
FIFO 
per 
bit-stream 
is 
required 
- 
but 
the 
net 
resulting 
logic 
may 
still 
be the 
most 
reliable 
and 
economical 


way 
to get the job 
done, 
when 
compared 
with 
other 
possible 
digital 
designs. 
Another 
example 
is that of using 
FI FOs as data 
memories 
in digital 
correlators; 
the 
lag 
in an autocorrelation 
operation 
can be set simply 
by controlling 
how many words 
are 
in the 
FI FO at one 
time, 
and 
so forth. 
There 
are even 
some 
applications 
in which 
it is advantageous 
to operate 
a FIFO with 
all 
of 
Its 
input 
and 
output 
cycles 
synchronized, 
so 
that 
absolutely 
all 
it does 
is to 
delay 
the 
data 
by 
some 
certain 
number 
of clock 
intervals. 


References 
(1). 
(2), 
and 
(3) 
are 
formal 
applications 
notes 
available 
from 
Monolithic 
Memories, 
which 
discuss 
FIFOs from 


different 
viewpoints 
than 
this 
paper 
has taken. 
Each 
of them 


presents 
a more 
detailed 
explanation 
of one or more 
applica- 
tions than there has been room for here, Reference 
(1) is mainly 
an overall 
applications 
survey, 
reference 
(2) emphasizes 
digital 
communications, 
and 
reference 
(3) emphasizes 
digital 
spec- 
trum 
analyzers 
and also 
includes 
an overview 
of digital 
signal 


processing 
in general. 
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Asynchronous First-In First-Out Memory 
(FIFO) 16x5 
74S225/A 


Features/ 
Benefits 


• DC to 20-MHz shift-In/shift-out rates 


• Fully expandable by word width and depth 


• Three-state outputs 


• TTL-compatible Inputs and outputs 


• Functionally compatible with T.I. SN74S225 


• Designed for extended testability 


Description 


The 74S225/A is a Schottky-clamped transistor-transistor logic 
(STTL) 16x5 First-In-First-Out memory (FIFO) which operates 
from DC to 10/20 MHz. The data is loaded and emptied on a 


PIN# 
PIN NAME 
DESCRIPTION 


1 
ClKA 
load clock A 


2 
IR 
Input ready 


3 
UNCKOUT 
Unload clock output 


4-8 
00-04 
Data inputs 


9 
OE 
Output enable 


10 
GND 
Ground pin 


11-15 
04-00 
Data outputs 


16 
UNCLK IN 
Unload clock input 


17 
OR 
Output ready 


18 
ClR 
Clear 


19 
ClKB 
load clock B 


20 
VCC 
Supply voltage 


DO 
4 
D1 
5 
D2 
6 


D3 
~ 
D4 


FIFO 
INPUT 
STAGE 


PART NUMBER 
PACKAGE 
TEMPERATURE 


74S225 
J. N 
10 MHz Com 


74S225A 
J. N 
20 MHz Com 


first-in-first-out 
basis through asynchronous input and output 
ports. These devices are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. Both 
word length and FIFO depth are expandable. Unload clock 
output (pin 3) is designed for testability of VOL' 


74S225/A .. J or N Package 
{Top View) 


{ 


DO 
4 


D1 


DATA 
D2 


D3 
7 


FIFO 
OUTPUT 
STAGE 


UNLOAD 
CLOCK 
OUT 
INPUT READY 


LOAD CLOCK A 
1 
LOAD CLOCK 
B 19 


UNLOAD 
CLOCK 
IN 


OUTPUT 
READY 


TWX: 910-338-2376 
Monolithic m 
2175 Mission College Blvd. Santa Clara. CA 95054-1592 
Tel: (408) 970-9700 TWX: 910-338-2374 Memories 
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Absolute 
Maximum 
Ratings 


Supply voltage VCC ........................................•..•....................•...................... 
-0.5 V to 7 V 


Input voltage 
.............................•..•............................•............•.................. 
-1.5 V to 7 V 


Off-state output voltage .. . . . • . . • . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5 V to 5.5 V 
Storage temperature 
.....................................•.............................•................ 
-65 to +150°C 


74S225 
74S225A 


SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply voltage 
4.75 
5.25 
4.75 
5.25 
V 


tA 
Operating free-air temperature 
0 
75 
0 
75 
°c 


tLCKH 
LOAD CLOCK pulse width, A or B, tw (HIGH) 
2 
25 
22 
36 
ns 


tlDS 
Setup time, data to load clock 
2 
-201* 
-201* 
ns 


tlDH 
Hold time, data from load clock 
2 
701 
501 
ns 


tUCKL 
UNLOAD CLOCK INPUT pulse width, tw (lOW) 
4 
7 
7 
36 
ns 


tClW 
CLEAR pulse width, tw (low) 
2 
40 
20 
ns 


tClCK 
Setup time, clear release to load clock, tsu 
2 
251 
10 
ns 


* 
Data must be setup within 20 ns after valid Load Clock (A or B) pulse (positive transition). 


t 
= Arrow indicates that it is referenced to the a-high transition. 


74S225 
74S225A 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


I 
Cascade Mode** 


fiN 
load clock A or clock B 


I 


2 
10 
20 
20 
22 
MHz 
Standalone Mode 


tlCIRl 
ClK A or ClK 
B to IRI ** 
2 
55 
75 
43 
55 
ns 


tlCCOl 
ClK A or ClK 
B to UNCK oun 
2 
25 
50 
31 
40 
ns 
I 
Cascade Mode*** 


fOUT 
Unload clock input 
I 
4 
10 
20 
20 
22 
MHz 


Standalone Mode 


tUCKORl 
UNCK IN 1to OR lOW 
4 
30 
45 
26 
35 
ns 


tUCKORH 
UNCK IN t to OR HIGH 
4 
40 
60 
32 
45 
ns 


tODH 
Output data hold, UNCK IN to output data 
4 
20 
50 
20 
30 
ns 


tODS 
Output data setup, UNCK IN to output data 
4 
50 
75 
41 
55 
ns 


tRIP 
ClK A or ClK 
B to OR 1 
7 
190 
300 
167 
220 
ns 


tClOl 
ClR to OR I 
6 
35 
60 
31 
40 
ns 


tCLIH 
ClR to IR t 
6 
16 
35 
15 
20 
ns 


tUCKOW 
Pulse width, UNCK OUT, tw 
2 
7 
14 
7 
11 
ns 


tORD 
OR 1 to output data 
4 
10 
20 
9 
15 
ns 


tBUBI 
UNCK IN to IR 1 (bubble-back 
time) 
8 
255 
400 
214 
290 
ns 


tBUBC 
UNCK IN to UNCK OUT I (bubble-back time) 
8 
270 
400 
226 
290 
ns 


1 Arrow indicates that it is referenced to the high-la-low 
transition. 


* * 
16th word only 
*** 
Devices connected 
to provide FIFO of greater than 16 word depth. 


745225 
74S225A 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPHZ 
- 
8 
25 
Output djsable delay, OE to OJ,CL = 5 pF 
1 
10 
25 
ns 
tpLZ 
18 
25 


tpZL 
- 
19 
40 
Output enable delay, OE to OJ,CL = 5 pF 
1 
25 
40 
ns 
tpZH 
23 
40 


TEST 
POINT* 
• 


Input Pulse Amplitude = 3.0 V 
Input Rise and Fall Time (15%-90%) = 2.5 ns 
Measurements made at 1.5 V 


V\lave1orm 
1 is for 
an output 
with 
internal 
conditions 
such 
that 
the 
output 
is 
low except when disabled. 


Waveform 2 is for an output with internal conditions such that the output is high 


except 
when 
disabled. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V,L 
Low-level 
input 
voltage 
0.8 
V 


V,H 
High-level 
input 
voltage 
2.0 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
I, 
= 
-18mA 
-1.5 
V 


'1L1 
Low-level 
I 
00-04 
-1 
mA 


VCC 
= MAX 
V,=0.5V 


I'L2 
input 
current 
I 
All others 
-.25 
mA 


I 
Data 
inputs 
40 


I'H 
High-level 
input 
current 
VCC 
= MAX 
V, = 2.7 V 


I 
25 
!J.A 


Others 


I, 
Maximum 
input 
current 
VCC 
= MAX 
V, = 5.5 V 
1 
mA 


Low-level 
output 
voltage " 
VCC 
= MIN 
'OL 
= 16 mA (Data 
outputs) 
0.5 
V 
VOL 


'OL 
= 8 mA (All others) 


High-level 
output 
voltage 
VCC 
= MIN 
'OH 
= -6.5 
mA (Data 
outputs) 
2.4 
V 
VOH 


'OH 
= -3.2 
mA (All others) 


'OS 
Output 
short-circuit 
current"" 
VCC 
= MAX 
Vo 
= 0 V 
-30 
-100 
mA 


'HZ 
VCC 
= MAX 
Vo 
= 2.4 V 
50 
!J.A 


Off-state 
output 
current 
VCC 
= MAX 
VO=0.5V 
-50 
!J.A 
'LZ 


Inputs 
low, All 
I 
74S225 
80 
120 


'CC 
Supply 
current 
VCC 
= MAX 


I 


mA 
outputs 
open 
74S225A 
80 
125 


* To measure VOL on Pin 3, force 10 V on Pin 9 (Extended Testability). 


* * 
Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


Functional 
Description 


Data Input 


After power up the CLEAR 
is pUlsed low (Figure 5) to prepare the 
FIFO to accept 
data in the first location. 
Clear 
must be applied 


prior 
to use to ensure 
proper 
operation. 
When 
Input 
Ready (IR) 


is HIGH, 
the first 
location 
is ready to accept 
data from 
the Ox 
inputs. Data then present atthedata 
inputs is entered 
into the first 


location 
when both Load Clocks 
(CLK Aand 
CLK B) are brought 


HIGH. 
The CLK A HIGH 
and CLK B HIGH 
signal 
causes the IR 


and UNCK 
OUT to pulse LOW. Once data is entered 
into the first 


cell, the transfer 
of data from any full cell to the adjacent 
(down- 


stream) 
empty 
cell is automatic, 
activated 
by an on-chip 
control. 


Thus 
data 
will 
stack 
up at the end of the device 
while 
empty 
locations 
will "bubble" 
to the front. tRIP defines the time required 


for the first data to travel from 
input to the output 
of a previously 
empty 
device. 
When 
the 
sixteenth 
word 
is clocked 
into 
the 


device, 
the memory 
is full (sixteen 
words) 
and IR remains 
low. 
The Unload 
Clock Output 
is provided 
chiefly 
for use in cascading 


devices 
to extend 
FIFO depth 
(Figure 
9). When 
Input 
Ready 
is 


Low, do not attempt 
to shift-in 
new data. 


Data Output 


Data is read from 
the Ox outputs. 
When 
data is shifted 
to the 


output 
stage, 
Output 
Ready 
(OR) 
goes 
HIGH, 
indicating 
the 


presence 
of valid 
data. 
When 
the 
OR is HIGH, 
data 
may 
be 


shifted 
out by bringing 
the Unload 
Clock 
Input (UNCK 
IN) LOW. 


A LOWsignal 
at UNCK 
IN causes the ORtogo 
LOW. valid data is 


maintained 
while 
the 
UNCK 
IN is LOW. 
When 
UNCK 
IN is 


brought 
HIGH 
the upstream 
data, provided 
that stage has valid 


data, is shifted 
to the output 
stage. 


When 
new 
valid 
data 
is shifted 
to the output 
stage, 
OR goes 
HIGH. 
If the FIFO is emptied, 
OR stays LOW and Data remains 


valid for the last word. 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be used 
as status 


signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 


stays 
LOW 
for 
at least tBUBI) 
or completely 
empty 
(Output 


Ready stays LOW for at least tRIP). 


AC Test and High-Speed 
App. Notes 


Since the FIFO is a high-speed 
device, care must be exercised 
in 


the design 
of the hardware 
and the timing 
utilized 
within 
the PC 


board 
design. 
Device 
grounding 
and 
decoupling 
is crucial 
to 


correct 
operation 
as the FIFO will respond 
to very small glitches 


due 
to 
long 
reflective 
lines, 
high 
capacitances 
and/or 
poor 


supply 
decoupling 
and grounding. 
We recommend 
a monoli- 


thic ceramic 
capacitor 
of 0.1 !J.Fdirectly 
between 
VCC and GND 
with very short lead length. 
In addition, 
care must be exercised 
in 


how the timing 
is set up and how the parameters 
are measured. 


For example, 
since an AND gate function 
is associated 
with both 


the Load 
Clocks 
(A, B) - 
Unload 
Clock 
Output-Input 
Ready 
combination, 
as well as the Unload 
Clock 
Input-Output 
Ready 


combination, 
timing 
measurements 
may be misleading, 
i.e., ris- 


ing edge of the Load 
Clock 
pulse 
is not recognized 
until 
Input 


Ready 
is HIGH. 
If Input 
Ready 
is not high due to (a) too high a 


frequency, 
or 
(b) 
FIFO 
being 
full 
or affected 
by 
(CLR), 
the 


LOAD-CK 
activity 
will 
be ignored. 
This 
will 
affect 
the device 


from 
a functional 
standpoint, 
and will also cause the "effective" 


timing 
of Input 
Data 
Hold 
time 
(tIDH) 
and the next activity 
of 


Input Ready (tLCIRU 
to be extended 
relative to Load Clock 
(A or 


B) going 
HIGH. 


UNLOAD 
CLOCK 
OUTPUT 


NOTES: 
1. Permissible 
negative 
setup time for input data 


2. Measure tLCIRL for 16th input word only 


LOAD CLOCK 
/ 
(BORA) 
. 
\_---- 


INPUT DATA'DE:=======:S_T._A_B_L_E_D_A_T_A_-_-_-_-_-_ -_-_"J 
_ 


NOTES: 
1. Input Ready HIGH indicates 
space is available 
and a Load Clock 
(A and B) pulse may be applied. 


2. Input Data is loaded into the first word. 


3. Unload 
Clock 
Output 
pulses indicating 
the first word is full and the Data from the first word is released 
for "fall-through" 
to 
second 
word. 


4. If the second 
word is already 
full, then the data remainsat 
the first word. Since the FIFO is nawfull, 
Input Ready remains 
LOW. 


NOTES: 
1. Output Ready HIGH indicates that data is available and an Unload Clock Input pulse may be applied. 


2. Unload Clock Input goes lOW 
creating an empty position at word 16 for word 15to "fall-through" 
to. 


3. Output 
Ready goes LOW. 


4. Unload Clock Input goes HIGH, causing Output Ready to go HIGH, indicating that new data (B) is now available at the FIFO outputs. 


5. If the FIFO has only one word 
loaded 
(A-DATA), 
then Output 
Ready stays LOW and the A-DATA 
remains 
on the outputs. 


I 


_~ 


tCLCK 


LOAD CLOCK 
(A AND B) 


LOAD 
CLOCK--0 
(BORA) 
~------------- 
tRIP_I, 


OUTPUTREADY 
~ 


NOTES: 
1. FIFO is initially 
empty. 


2. Unload Clock Input and one Load Clock held HIGH throughout. 


NOTES: 
1. FIFO is initially full. 


2. Load Clock (A and B) held HIGH throughout. 
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LO 
LD 
LO 
VCC 
CKA 
VCC 
CKA 
VCC 
CKA 


CLDCKIN 
LD 
OR 
LO 
OR 
LO 
OR 
OUTPUT 


CKB 
CKB 
CKB 
READY 


UNLO 
UNLO 
UNLO 
UNLO 
UNLO 
UNLO 
UNLOAD 
NC 
CKOUT 
CKIN 
CKOUT 
CKIN 
CKOUT 
CKIN 
CLOCK 


IR 
NC 
IR 
IR 


DO 
00 
DO 
00 
DO 
QD 


01 
01 
01 
01 
01 
01 


02 
02 
02 
02 
02 
02 


03 
03 
03 
03 
03 
03 


04 
CLR 
Of 
04 
04 
CLR 
OE 
04 
04- 
Of 
04 
CLR 


CLEAR 
i5UfiiUT 
ENABLE 
INPUT 
READY 


10 BITS 
LOCLR 
Of 
LOW 
Of 
LOCLR 
Of 
10 BITS 
DATA IN 
VCC 
CKA 
VCC 
CKA 
VCC 
CKA 
DATA OUT 
LO 
OR 
LO 
OR 
LO 
OR 


CKB 
CKB 
CKB 
UNLO 
UNLO 
UNLO 
UNLO 
UNLO 
UNLO 
NC 
CKOUT 
CKIN 
CKOUT 
CKIN 
CKOUT 
CKIN 


IR 
NC 
IR 
NC 
IR 


DO 
00 
DO 
00 
DO 
00 


01 
01 
01 
01 
01 
01 


02 
02 
02 
02 
02 


03 
03 
03 
03 
03 
03 


04 
04 
04 
04 
04 
04 


Figure 9. 48xl0 
FIFO with 74S225/A 


Monolithic W Memories 


First-In First-Out (FIFO) 64x4 
Cascadable Memory 
CS/67401 
CS/67401A 


CS/67402 
CS/67402A 
C67401B 
C67402B 


C57402/A 
64x5 
C67402A/B 
64x5 


°0 
°0 


Do 
0, 
0, 
0, 
°2 
02 
°3 
03 
0. 


SHIFT 
INPUT 
SHIFT 
OUT 
READY 
OUT 


OUTPUT 
SHIFT 
OUTPUT 
READY 
IN 
,. 
READY 


• 
Choice 
of 16.7, 15 and 10 MHz shlft-out/shlft-in 
rates 


• 
Choice 
of 4-bit 
or 5-b!t 
data width 


• 
TTL 
Inputs 
and outputs 


• 
Readily 
expandable 
In the word 
and bit dimensions 


• 
Structured 
pinouts. 
Output 
pins directly 
opposite 
corres- 
ponding 
Input 
pins 


• 
Asynchronous 
operation 


• 
Pin-compatlble 
with 
Fairchild's 
F3341 MOS FIFO and many 


times 
faster 
Description 


The 
C5/C67401B/2B/1N2N1/2 
are "fall-through" 
high 
speed 


First-In 
First-Out 
(FIFO) 
memory 
organized 
64 words 
by 4 bits 


and 64 words 
by 5 bits respectively. 
A 16.7 MHz data rate allows 


usage in digital 
video systems; 
a 15 MHz data rate allows 
usage 
in high speed tape or disc controllers 
and communications 
buffer 


applications. 
Both word length 
and FIFO depth 
are expandable. 


Block Diagrams 


C57401/A 
64x4 
C67401A1B 
64x4 


Pin Configurations 
C57401/A 64x4 
C67401A!B 64x4 


3 
2 
1 
20 
19 


He 
INP 
Ne 
vcc 
SFT 


~~ 
ROY 
OU~C 
18 


S 
DO 
64x4 
~~ 
17 


6 
01 
FIFO 
00 16 
C67401/A 


PART 
PKG 
TEMP 
DESCRIPTION 
NUMBER 


C57401 
J(20){L) 
Mil 
7MHz 
64x4 
FIFO 


C67401 
J,N,NL(20) 
Com 
10MHz 
64x4 
FIFO 


C57402 
J(20){L) 
Mil 
7MHz 
64x5 
FIFO 


C67402 
J,N,NL(20) 
Com 
10MHz 
64x5 
FIFO 


C57401A 
J,(20){L) 
Mil 
10MHz 
64x4 
FIFO 


C67401A 
J,N,NL(20) 
Com 
15 MHz 
64x4 
FIFO 


C57402A 
J,(20){L) 
Mil 
10 MHz 
64x5 
FIFO 


C67402A 
J,N,NL(20) 
Com 
15 MHz 
64x5 
FIFO 


C67401B 
J 
Com 
16.7 MHz 64x4 
FIFO 


C67402B 
J 
Com 
16.7 MHz 64x5 
FIFO 


8 
03 
03 14 


04 
GND MR 
04 
He 


9 
10 
11 12 13 


15 00 I 
0' 
0'1 
OUTPUTS 
0' 


O. 
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Absolute Maximum 
Ratings 


Supply 
voltage 
VCC 
,........................................................... 
-0.5 V to 7 V 
Input voltage 
...........................................................................•................. 
-1.5 V to 7 V 
Off-state 
output 
voltage 
..................................................................•............... 
-0.5 V to 5.5 V 
Storage 
temperature 
.......•...........................................••.........•.....•.............. 
_65° to +150°C 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
°C 


tSIHt 
Shift 
in HIGH 
time 
1 
18 
ns 


tSIL 
Shift 
in LOW 
time 
1 
18 
ns 


tlDS 
Input data setup 
1 
0 
ns 


tlDH 
Input 
data 
hold 
time 
1 
40 
ns 


tSOHt 
Shift 
Out 
HIGH 
time 
5 
- 
18 
ns 


tSOL 
Shift 
Out 
LOW 
time 
5 
18 
ns 


tMRW 
Master 
Reset 
pulse 
10 
35 
ns 


tMRS 
Master 
Reset 
to SI 
10 
35 
ns 


Switching 
Characteristics 
C67401 
&/2& 


Over 
Operating 
Conditions 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


fiN 
Shift 
in rate 
1 
16.7 
MHz 


tlRL 
Shift 
In to 
Input 
Ready 
LOW 
1 
35 
ns 


tlRHt 
Shift 
In to 
Input 
Ready 
HIGH 
1 
37 
ns 


fOUT 
Shift 
Out 
rate 
5 
16.7 
MHz 


tORLt 
Shift 
Out 
to Output 
Ready 
LOW 
5 
38 
ns 


tORHt 
Shift 
Out 
to Output 
Ready 
HIGH 
5 
48 
ns 


tODH 
Output 
Data 
Hold 
(previous 
word) 
5 
5 
ns 


tODS 
Output 
Data Shift (next word) 
5 
44 
ns 


tpT 
Data throughput 
or "fall 
through" 
4, 8 
1.45 
I"S 


tMRORL 
Master 
Reset to OR 
LOW 
10 
55 
ns 


tMRIRH 
Master 
Reset to 
IR HIGH 
10 
55 
ns 


tIPH* 
Input 
Ready 
pulse 
HIGH 
4 
20 
ns 


tOPH* 
Output 
Ready 
pulse 
HIGH 
8 
20 
ns 


t See AC test and High Speed application 
note. 


*This 
parameter applies to FIFOs communicating 
with each other in a cascaded mode. 


Absolute Maximum Ratings 


Supply 
voltage 
Vcc 
....................................................................•.................. 
-0.5 V to 7 V 
Input voltage 
..........................•.................................................................. 
-1.5 V to 7 V 
Off-state 
output 
voltage 
.....•..................................•.....•................................... 
-0.5 V to 5.5 V 
Storage 
temperature 
..........•.....•...........•.....•..........................•.....•............... 
_65° to +150°C 


MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
*125 
0 
75 
°c 


tSIHt 
Shift 
in HIGH 
time 
1 
35 
23 
ns 


tSIL 
Shift 
in LOW 
time 
1 
35 
25 
ns 


tlDS 
Input data setup 
1 
0 
0 
ns 


tlDH 
Input 
data 
hold 
time 
1 
45 
40 
ns 


tSOHt 
Shift 
Out 
HIGH 
time 
5 
35 
23 
ns 


tSOL 
Shift 
Out 
LOW 
time 
5 
35 
25 
ns 


tMRW 
Master 
Reset 
pulse 
10 
40 
c 
35 
ns 


tMRS 
Master 
Reset 
to SI 
10 
45 
35 
ns 


SYMBOL 
PARAMETER 
FIGURE 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fiN 
Shift 
in rate 
1 
10 
15 
MHz 


tlRL t 
Shift 
In to 
Input 
Ready 
LOW 
1 
50 
40 
ns 


tlRHt 
Shift 
In to 
Input 
Ready 
HIGH 
1 
50 
40 
ns 


fOUT 
Shift 
Out 
rate 
5 
10 
15 
MHz 


tORL t 
Shift 
Out 
to Output 
Ready 
LOW 
5 
65 
45 
ns 


tORHt 
Shift 
Out 
to Output 
Ready 
HIGH 
5 
65 
50 
ns 


tODH 
Output 
Data Hold (previous 
wordl 
5 
10 
10 
ns 


tODS 
Output 
Data Shift (next word) 
5 
60 
45 
ns 


tpT 
Data 
throughput 
or "fall 
through" 
4, 8 
2.2 
1.6 
J.lS 


tMRORL 
Master 
Reset to OR 
LOW 
10 
65 
60 
ns 


tMRIRH 
Master 
Reset 
to 
IR HIGH 
10 
65 
60 
ns 


tIPH* 
Input 
Ready 
pulse 
HIGH 
4 
30 
23 
ns 


tOPH* 
Output 
Ready 
pulse 
HIGH 
8 
30 
23 
ns 


t see AC test 
and 
High 
Speed 
application 
note. 


* This 
parameter 
applies 
to FIFOs 
communicating 
with 
each 
other 
in a cascaded 
mode. 


Input voltage 
... -. ~ ...............................................•........................................ 
-1.5 V to 7 V 
Off-state 
output 
voltage 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5 V to 5.5 V 
Storage 
temperature 
-650 to +150°C 
Operating Conditions CS/C67401/2 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


Vcc 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
525 
V 


TA 
Operating 
free-air 
temperature 
-55 
*125 
0 
75 
°C 


tSIHt 
Shift 
in HIGH 
time 
1 
45 
23 
ns 


tSIL 
Shift 
in LOW 
time 
1 
45 
35 
ns 


tlDS 
Input data setup 
1 
0 
0 
ns 


tlDH 
Input 
data 
hold 
time 
1 
55 
4S 
ns 


tSOHt 
Shift 
Out 
HIGH 
time 
5 
45 
23 
ns 


tSOL 
Shift 
Out 
LOW 
time 
5 
45 
35 
ns 


tMRW 
Master 
Reset 
pulse 
10 
30 
35 
ns 


tMRS 
Master 
Reset to SI 
10 
45 
35 
ns 


SYMBOL 
PARAMETER 
FIGURE 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fiN 
Shift 
in rate 
1 
7 
10 
MHz 


tlRL t 
Shift 
In to 
Input 
Ready 
LOW 
1 
60 
45 
ns 


tlRHt 
Shift 
In to 
Input 
Ready 
HIGH 
1 
60 
45 
ns 


fOUT 
Shift 
Out 
rate 
5 
7 
;0 
MHz 


tORLt 
Shift 
Out 
to Output 
Ready 
LOW 
5 
65 
55 
ns 


tORHt 
Shift 
Out 
to Output 
Ready 
HIGH 
5 
70 
60 
ns 


tODH 
Output 
Data Hold (previous 
word) 
5 
10 
10 
ns 


to OS 
Output 
Data Shift (next word) 
5 
65 
55 
ns 


tpT 
Data 
throughput 
or "fall 
through" 
4, 8 
4 
3 
J.lS 


tMRORL 
Master 
Reset to OR 
LOW 
10 
65 
60 
ns 


tMRIRH 
Master 
Reset to 
IR HIGH 
10 
65 
60 
ns 


tIPH* 
Input 
Ready 
pulse 
HIGH 
4 
30 
23 
ns 


tOPH* 
Output 
Ready 
pulse 
HIGH 
8 
30 
23 
ns 


t See AC test and High Speed application 
note . 


• This parameter applies to FIFOs communicating with each other in a casc'tded mode. 


* The "TEST POINT" 
is driven by the output under test, 


and observed by instrumentation. 


5V 


~ 


ll r 
TEST 
POINT" 


1.lKO 
T JOpF 


~ 


Input 
Pulse 0 to 3 V 


Input 
Rise and Fall Time 
(10% - 90%) 


5 ns minimum 
Measurements 
made at 1.5 V 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8t 
V 


VIH 
High-level 
input 
voltage 
2t 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= 
MIN 
II 
- 
-18mA 
-1.S 
V 


IlL 1 
Low-level 
I Do-Dn, 
MR 
-0.8 
mA 
VCC 
= 
MAX 
V, 
= 0.45V 


IIL2 
input 
current 
I SI,SO 
-16 
mA 


IIH 
High-level 
input 
current 
VCC 
= 
MAX 
VI 
= 2.4V 
50 
IJA 


II 
Maximum 
input 
current 
VCC 
= MAX 
VI 
= 5.5V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC 
- MIN 
10L 
= 8mA 
OS 
V 


VOH 
High-level 
output 
voltage 
VCC 
- MIN 
10H 
= -0.9mA 
2.4 
V 


10S 
Output 
short-drcuit 
current * 
VCC 
= MAX 
Vo 
= 
OV 
-20 
-00 
mA 


CS/67401 
160 


VCC 
= 
MAX 
CS/67402 
180 


ICC 
Supply 
current 
Inputs 
low, 


C67401A 
170 


C6702A 
mA 


outputs 
open 
190 


C67401B, 
C57401A 
180 


C67402B, 
C57402A 
200 
. 


Functiona. Description 


Data Input 
After 
power 
up the 
Master 
Reset 
is pulsed 
low 
(Fig. 
10) to 
prepare 
the FIFO to accept 
data in the first location. 
When Input 
Ready (IR) is HIGH 
the location 
is ready to accept 
data from the 
Dx 
inputs. 
Data then 
present 
at the data inputs 
is entered 
into 
the first 
location 
when 
the Shift 
In (SI) is brought 
HIGH, 
A SI 
HIGH 
signal 
causes 
the IR to go LOW. Data remains 
at the first 
location 
until SI is brought 
LOW. When SI is brought 
LOW and 


the FIFO is not full, 
IR will go HIGH, 
indicating 
that more room 


is available. 
Simultaneously, 
data will 
propagate 
to the second 


location 
and continue 
shifting 
until 
it reaches 
the output 
stage 


or a full location. 
The first word 
is present 
at the outputs 
before 
a shift out is applied. 
If the memory 
is full, 
IR will remain 
LOW, 


Data Transfer 


Once data is entered 
into the second 
cell, the transfer 
of any full 
cell 
to 
the 
adjacent 
(downstream) 
empty 
cell 
is automatic, 
activated 
by an on-chip 
control. 
Thus 
data 
will stack 
up at the 
end of the device 
while empty locations 
will "bubble" 
to the front. 


tPT defines 
the time required 
for the first data to travel from input 
to the output 
of a previously 
empty 
device, 


Data Output 
Data 
is read from 
the Ox outputs. 
When 
data 
is shifted 
to the 


output 
stage, 
Output 
Ready 
(OR) 
goes 
HIGH, 
indicating 
the 
presence 
of valid 
data. 
When 
the 
OR is HIGH, 
data 
may 
be 
shifted 
out by bringing 
the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained 
while 
the SO is HIGH. 
When 56 is brought 
LOW the upstream 
data, 
provided 
that stage has valid data, is shifted 
to the output 
stage. 


When 
new 
valid 
data 
is'shifted 
to the output 
stage, 
OR goes 


HIGH. 
If the FIFO is emptied, 
OR stays 
LOW, and Ox remains 
as before, 
(Le, data does 
not change 
if FIFO 
is empty). 
Input 
Ready 
and Output 
Ready 
may also be used as status 
signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 
stays 
LOW 
for 
at least 
tpT) 
or completely 
empty 
(Output 
Ready 
stays 
LOW 
for at least tPT). 


AC Test and High Speed App. Notes 


Since 
the 
FIFO 
is a very-high-speed 
device, 
care 
must 
be 
exercised 
in the design 
of the hardware 
and the timing 
util- 
ized 
within 
the 
design. 
The 
internal 
shift 
rate 
of the 
FIFO 
typically 
exceeds 
20 MHz in operation. 
Device 
grounding 
and 


decoupling 
is crucial 
to correct 
operation 
as the 
FIFO 
will 
respond 
to very 
small 
glitches 
due 
to long 
reflective 
lines, 


high 
capacitance 
and/or 
poor supply 
decoupling 
and groun- 


ding. 
We recommend 
a monolithic 
ceramic 
capacitor 
of 0,1 
IJF directly 
between 
VCC 
and 
GND 
with 
very 
short 
lead 
length. 
In addition, 
care must 
be exercised 
in how the timing 
isset 
upand 
how the parameters 
are measured. 
Forexample, 


since 
an AND 
gate function 
is associated 
with 
both 
the Shift 
In-Input 
Ready 
combination, 
as well as the Shift 
Out-Output 


Ready 
combination, 
timing 
measurements 
may be mislead- 


ing, 
Le, rising 
edge 
of the 
Shift-In 
pulse 
is not 
recognized 
until 
Input-Ready 
is High, 
If Input-Ready 
is not 
high 
due to 
too high 
a frequency 
or FIFO being 
full or affected 
by Master 


Reset, the Shift-In 
activity 
will be ignored, 
This will 
affect 
the 


device 
from 
a functional 
standpoint, 
and will 
also 
cause 
the 


"effective" 
timing 
of 
Input 
Data 
Time 
(tIDH) 
and 
the 
next 


activity 
of Input 
Ready 
(tIRLl 
to be extended 
relative 
to Shift- 
In going 
High. 
This 
same 
type 
of problem 
is also 
related 
to 
tlRH, 
tORL 
and tORH 
as related 
to Shift-Out. 


CS/C67401 
A/2A/1 
/2, C67401 B/2B 
Cascadable 


@ 
------~ 


INPUT 
DATA 
S_T_A_B_L_E_D_A_T_A 
_ 


(!) Input Ready HIGH indicates space ISavailable and a Shift In pulse may be applIed 
o Input Data is loaded into the first word. 
o Input Ready goes LOW indicating 
the first word is full. 
o The Data from the 'ifst word is released for "tall-through" 
to second word 
@ The Data from the first word is transferred to second word. The first word 
IS now empty as indicated by Input Ready HIGH. 


@ If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 4). 


IIPH4.. 
_ 


INPUT DATA~~_-_~~~~~-_S_T_A_B_L_E_D_A_T_A 
~ 


o FIFO is initially full 
CD Shift Out pulse is applied. An empty location starts "bubbling" 
to the front. 


eD Shift In is held HIGH. 
o As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 
o The Data from the first word is released for "fall through" to second word. 


o The dIagram assumes. that at this lime. words 63. 62. 61 are loaded with A. B. C Data. respectively 


CD Data is shifted 
out when Shift Out makes a HIGH to LOW transition. 


o The diagram 
assumes, that at this time. words 63. 62. 61 are loaded with A. B. C Data. respectively. 
o Data In the crosshatched 
region may be A or B Data. 


---"""------- 
;® 


~ 
B-DATA 
--------------------------/I~' 
....------------- 


o Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied 
o ShIft Out goes HIGH causing the next step. 
e!) Output 
Ready goes LOW. 


eD Contents of word 62 (B-DATA) is released for "fall through" to word 63 
® Output Ready goes HIGH indicating that new data (8) is now available at the FIFO outputs 
® If the FIFO has onry one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs 


NOTE: 
Shift Out pulses applied when Output 
Ready is LOW will be ignored. 


OUTPUT 
REAOY 
o FIFO initially empty. 


rllTIITI ITI 17T 
/ / / / / / / / / / / / / / 


••• 
A_-_O_A_TA 
~~ 


o Word 63 IS empty 
o New data (A) arrives at the outputs (word 63). 
o Output Ready goes HIGH indicating 
the arrival of the new data 


o Smce Shift Out IS held HIGH. Output Ready goes immediately 
LOW 


CD As soon as Shift Out goes LOW the Output Data is subject to change 


as shown by the dashed tine on Output Ready 


_______________ 
!_. 
lM_RS 
~J 


SHIFT IN 
o FIFO Initially full. 


INPUT 
READY 
OR 
SO. 
IR 
SO 
SHIFT 
OUT 


SHIFT 
IN_ 
51 
OR 
51 
OR 
OUTPUT 
READY 


00 
DO 
00 


) "" 0"' 


0, 
0, 
0, 


02 
02 
02 


03 
03 
MR 
03 


FIFOs can be easily 
cascaded 
to any desired 
depth. 
The handshaking 
and associated 
timing 
between 
the FIFOs 
are handled 
by the 
FIFOs 
themselves. 


SHIFT 
OUT 
IR 
SO 
IR 
SO 
IR 
SO 


51 
OR 
51 
OR 
51 
OR 
- 
DO 
00 
DO 
00 
00 
00 - 
-0, 
0, 
0, 
0, 
0, 
0, - 
- 02 
°2 
02 
02 
0, 
°2 - 
- 03 
MR 
°3 
03 
MR 
°3 
03 
MR 
°3 - 


COMPOSITE 
r 
y 
y 


INPUT 
READY 
COMPOSITE 
rr-- 


IR 
SO 
IR 
so 
IR 
SO - 


OUTPUT 
REA 
'-.j- 
51 
OR 
51 
OR 
5' 
OR 
~ 


- 00 
00 
Po 
°0 
DO 
°0 - 
,........., 


-0, 
0, 
0, 
0, 
0, 
0, - 
- 02 
0, 
0, 
02 
0, 
°2 - 
-0, 
MIl 
°3 
0, 
MR 
03 
0, 
MR 
°3 - 


Y 
)' 
)' 


SHIFT 
IN 
OR 
so 
OR 
SO 
IR 
SO - 
51 
OR 
51 
OR 
51 
DR 
- 00 
°0 
00 
°0 
DO 
°0 - 


-0, 
0, 
0, 
0, 
0, 
0,- 
- 02 
02 
0, 
02 
02 
02 - 


-0, 
iiii 
°3 
0, - 
03 
0, 
MIl 
°3 - 
MR 


Y 
Y 
)' 
MASTER 
RESET 


FIFOs are expandable 
in depth 
and width. 
However, 
in forming 
wider 
words 
two external 
gates are required 
to generate 
composite 
Input and Output 
Ready flags. This need is due to the different 
fall-through 
times of the FIFOs. 


C5/C67401 
A/2A/1/2, 
C67401 8/28 
Cascadable 


PAPER 
TAPE 
READER 
BIT DA A 


Mil 


2.67401 
64.8 


D 
B~I);,~R 
0 
IT DATA 
51 
50 
• 
IR 
OR 


NOTE: The output 
of monostable 
holds 
off the "Buffer 
full" 
interrupt 
for 


100n5. If 100n5 after shift in, there has not been an input Ready to reset 
the "0 Flip-flop" 
an interrupt 
is issued. as the FIFO is full. The CPU 


then empties the FIFO before the next character 
is output from the 


tape drive. 


First-In First-Out (FIFO) 64x4 
Standalone Memory 


5/67401 
5/67402 
5/67401A 
5/67402A 
674018 
674028 


Features/ 
Benefits 


• 
Choice 
of 16.7, 15 and 10 MHz shlft-oul/shlft-in 
rates 


• 
Choice 
of 4-blt or 5-blt data width 


• 
TTL 
inputs 
and 
outputs 


• 
Readily 
expandable 
in the 
word 
dimension 
only 


• 
Structured 
pin outs. Output 
pins directly 
opposite 


corresponding 
Input 
pins 


• 
Asynchronous 
operation 


• 
P1n-compatlble 
with 
Fairchild's 
F3341 MOS FIFO and many 


times as fast 


Description 


The 5/674018/28/1A/2A/1/2 
are "fall-through" 
high speed First- 


In First-out 
(FIFO) 
memory 
organized 
64 words 
by 4-bits 
and 


64 words 
by 5-bits 
respectively. 
A 16.7 MHz 
data 
rate allows 


usage in digital 
video systems; 
a 15 MHz data rate allows 
usage 


in high speed tape or disc controllers 
and communication 
buffer 


applications. 
Word 
length 
is expandable; 
FIFO 
depth 
is not 


expandable. 
Block Diagrams 


67401/A/B 
64x4 
57401/A 
64x4 


INPUT 
READY 


SHIFT 
IN 


Pin Configurations 


C57401/A S4x4 
C67401A1B 
S4x4 


3 
2 
1 
20 
19 


He 
lNP 
He 
VCC 
SFT 


~~ 
ROY 
OU~C 
18 


5 
DO 
64x4 
~~~ 
17 
DATA IN 


6 
01 
FIFO 
00 16 
67401/A 
7 
02 
01 
15 


8 
He 
02 14 


03 
GNP MR 
03 
He 


9 
10 
11 
12 
13 


PART 
PKG 
TEMP 
DESCRIPTION 
NUMBER 


57401 
J(20)(L) 
Mil 
7MHz 
64x4 
FIFO 


67401 
J,N,NL(20) 
Com 
10 MHz 
64x4 
FIFO 


57402 
J(20)(L) 
Mil 
7MHz 
64x5 
FIFO 


67402 
J,N,NL(20) 
Com 
10 MHz 
64x5 
FIFO 


57401 A 
J,(20)(L) 
Mil 
10 MHz 
64x4 
FIFO 


67401A 
J,N,NL(20) 
Com 
15 MHz 
64x4 
FIFO 


57402A 
J,(20)(L) 
Mil 
10 MHz 
64x5 
FIFO 


67402A 
J,N,NL(20) 
Com 
15 MHz 
64x5 
FIFO 


674018 
J 
Com 
16.7 MHz 64x4 
FIFO 


674028 
J 
Com 
16.7 MHz 64x5 
FIFO 


5/674021A/B 
64x5 


57402IA 
64x5 


INPUT 
2 
READY 


SHIFT 
3 
IN 


3 
2 
1 
20 
19 


He 
INP 
He 
VCC 
SFT 
SIr! ROY 
0gg~ 18 


5 
DO 
64x5 
00 
17 


6 
01 
FIFO 
01 16 
67402lA 
7 02 
02 15 


8 03 
03 14 


D4 
GNP Mii 
04 


9 
10 
11 
12 
13 


Plastic 
Chip 
Carrier 


TWX: 910·338-2376 


2175 Mlulon 
College 
Blvd. Santa 
Clara, 
CA 95054·1592 
Tel: (408) 970·9700 
TWX: 910·338·2374 


8·30 


IIIonoll'hlc mT!1I 
MemorIes 
In.UW 


Absolute Maximum Ratings 


Supply 
voltage VCC 
-1.5 V to 7 V 
Input voltage 
............................•...................................•........•.........•......... 
-1.5 V to 7 V 
Off-state 
output 
voltage 
.......•....... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . .. 
-0.5 V to 5.5 V 
Storage 
temperature 
..................•............................•............•..•......•............ 
_65° to +150°C 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
°c 


tSIH t 
Shift 
in HIGH 
time 
1 
18 
ns 


tSIL 
Shift 
in LOW 
time 
1 
18 
ns 


tlDS 
Input data setup 
1 
5 
ns 


tlDH 
Input 
data 
hold 
time 
1 
40 
ns 


tSOHt 
Shift 
Out 
HIGH 
time 
5 
18 
ns 


tSOL 
Shift 
Out 
LOW 
time 
5 
18 
ns 


tMRW 
Master 
Reset 
pulse 
10 
35 
ns 


tMRS 
Master 
Reset 
to SI 
10 
35 
ns 


Switching Characteristics 
674018/28 


Over Operating 
Conditions 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 


MIN 
TYP 
MAX 


fiN 
Shift 
in rate 
1 
16.7 
MHz 


tlRL 
Shift 
In to input 
ready 
LOW 
1 
35 
ns 


tlRH 
Shift 
In to 
input 
ready 
HIGH 
1 
37 
ns 


fOUT 
Shift 
Out 
rate 
5 
16.7 
MHz 


tORLt 
Shift 
Out 
to Output 
Ready 
LOW 
5 
38 
ns 


tORHt 
Shift 
Out 
to Output 
Ready 
HIGH 
5 
48 
ns 


tODH 
Output 
Data Hold (previous 
word) 
5 
5 
ns 


tODS 
Output 
Data Shift (next word) 
5 
44 
ns 


tpT 
Data 
throughput 
or "fall 
through" 
4,8 
1.45 
/lS 


tMRORL 
Master 
Reset 
to OR 
LOW 
10 
55 
ns 


tMRIRH 
Master 
Reset to 
IR HIGH 
10 
55 
ns 


'IPH 
Input 
Ready 
pulse 
HIGH 
4 
15 
ns 


tOPH 
Output 
Ready 
pulse 
HIGH 
8 
15 
ns 


MonolithIc W MemorIes 


Absolute Maximum Ratings 


Supply 
voltage 
VCC 
....................................................................•.................. 
-0.5 V to 7 V 
Input voltage 
....................................................................•........................ 
-1.5 V to 7 V 
Off-state 
output 
voltage 
. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .. 
-D.5 V to 5.5 V 
Storage 
temperature 
..........•....................•................................................... 
_65° to +150°C 


PARAMETER 
FIGURE 
MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
45 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
*125 
0 
75 
°c 


tSIHt 
Shift 
in HIGH 
time 
1 
35 
23 
28t 
ns 


tSIL 
Shift 
in LOW 
time 
1 
35 
25 
ns 


tlDS 
Input data setup 
1 
5 
5 
ns 


tlDH 
Input 
data 
hold 
time 
1 
45 
40 
ns 


tSOHt 
Shift 
Out 
HIGH 
time 
5 
35 
23 
ns 


tSOL 
Shift 
Out 
LOW 
time 
5 
35 
25 
ns 


tMRW 
Master 
Reset 
pulse 
10 
40 
35 
ns 


tMRS 
Master 
Reset 
to SI 
10 
45 
35 
ns 


Switching 
Characteristics 
5/67401 
A/2A 


Over 
Operating 
Conditions 


SYMBOL 
PARAMETER 
FIGURE 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fiN 
Shift 
in rate 
1 
10 
15 
MHz 


tlRL t 
Shift 
In to 
Input 
Ready 
LOW 
1 
50 
40 
ns 


tlRHt 
Shift 
In to Input 
Ready 
HIGH 
1 
50 
40 
ns 


fOUT 
Shift 
Out 
rate 
5 
10 
15 
MHz 


tORL t 
Shift 
Out 
to Output 
Ready 
LOW 
5 
65 
45 
ns 


tORHt 
Shift 
Out 
to Output 
Ready 
HIGH 
5 
65 
50 
ns 


tODH 
Output 
Data Hold (previous 
word) 
5 
10 
10 
ns 


tODS 
Output 
Data Shift (next word) 
5 
60 
45 
ns 


tpT 
Data 
throughput 
or "fall 
through" 
4, 8 
2.2 
1.6 
/,s 


tMRORL 
Master 
Reset to OR 
LOW 
10 
65 
60 
ns 


tMRIRH 
Master 
Reset 
to 
IR HIGH 
10 
65 
60 
ns 


·tIPH 
Input 
Ready 
pulse 
HIGH 
4 
20 
20 
ns 


tOPH 
Output 
Ready 
pulse 
HIGH 
8 
20 
20 
ns 


Absolute Maximum Ratings 


Supply 
voltage VCC 
-0.5 V to 7 V 
Input voltage 
...............................................•...........•.........•....................... 
-1.5 V to 7 V 
Off-state 
output 
voltage 
..................•......................•................. 
. . . . • . . . . . . • . . . . . . . . . .. 
-0.5 V to 5.5 V 
Storage temperature 
..............................................................•............•....... 
_65° 
to +150°C 


SYMBOL 
PARAMETER 
FIGURE 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
*125 
0 
75 
°c 


tSIHt 
Shift 
in HIGH 
time 
1 
45 
35 
ns 


tSIL 
Shift 
in LOW time 
1 
45 
35 
ns 


tlDS 
Input data setup 
1 
10 
5 
ns 


tlDH 
Input 
data hold time 
1 
55 
45 
ns 


tSOHt 
Shift Out 
HIGH 
time 
5 
45 
35 
ns 


tSOL 
Shift Out 
LOW time 
5 
45 
35 
ns 


tMRW 
Master 
Reset pulset 
10 
30 
35 
ns 


tMRS 
Master 
Reset to SI 
10 
45 
35 
ns 


Switching 
Characteristics 
5/67401/2 


Over Operating 
Conditions 


SYMBOL 
PARAMETER 
FIGURE 
MILITARY 
COMMERCIAL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


fiN 
Shift 
in rate 
1 
7 
10 
MHz 


tlRLt 
Shift 
In to input 
ready LOW 
1 
60 
45 
ns 


tlRHt 
Shift 
In to input 
ready HIGH 
1 
60 
45 
ns 


fOUT 
Shift Out 
rate 
5 
7 
10 
MHz 


tORLt 
Shift Out to Output 
Ready LOW 
5 
65 
55 
ns 


tORHt 
Shift Out to Output 
Ready HIGH 
5 
70 
60 
ns 


tODH 
Output 
Data Hold (previous word) 
5 
10 
10 
ns 


tODS 
Output 
Data Shift (next word) 
5 
65 
55 
ns 


tpT 
Data throughput 
or "fall through" 
4,8 
4 
3 
I's 


tMRORL 
Master 
Reset to OR LOW 
10 
65 
60 
ns 


tMRIRH 
Master 
Reset to IR HIGH 
10 
65 
60 
ns 


t'PH 
Input 
Ready pulse HIGH 
4 
20 
20 
ns 


tOPH 
Output 
Ready 
pulse HIGH 
8 
20 
20 
ns 


Input Pulse 0 to 3 V 
Input Rise and Fall Time (10% - 90%) 
5 ns minimum 
Measurements 
made at 1.5 V 
r 
TEST POINT· 


1.1Kll 
30pF 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8t 
V 


VIH 
High-level 
input 
voltage 
2t 
V 


Vie 
Input 
clamp 
voltage 
Vee 
= 
MIN 
I, 
= 
-18mA 
-1.5 
V 


11L1 
Low-level 
I DO-On, MR 
-0.8 
mA 


Vee 
= 
MAX 
VI 
= 0.45V 


IIL2 
input 
current 
I SI,SO 
-1.6 
mA 


IIH 
High-level 
input 
current 
Vee 
= 
MAX 
VI 
= 
2.4V 
50 
J.lA 


II 
Maximum 
input 
current 
Vee 
= MAX 
VI 
= 
5.5V 
1 
mA 


VOL 
Low-level 
output 
voltage 
Vee 
= MIN 
10L 
= 8mA 
0.5 
V 


VOH 
High-level 
output 
voltage 
Vee 
= MIN 
'OH 
= 
-0.9mA 
2.4 
V 


10S 
Output 
short-circuit 
current * 
Vee 
= MAX 
Vo 
= 
OV 
-20 
-90 
mA 


5/67401 
160 


5/67402 
180 


Vee 
= 
MAX 
67401A 
170 


Ice 
Supply 
current 
Inputs 
low, 


outputs 
open. 
67402A 
190 


67401B,57401A 
180 


67402B,57402A 
200 


Functional 
Description 


Data Input 
After 
power 
up the 
Master 
Reset 
is pulsed 
low 
(Fig. 
10) to 
prepare 
the FIFO to accept 
data in the first location. 
When Input 
Ready (IR) is HIGH 
the location 
is ready to accept 
data from the 
Ox inputs. 
Data then 
present 
at the data inputs 
is entered 
into 
the first 
location 
when 
the Shift 
In (SI) is brought 
HIGH. 
A SI 
HIGH 
signal 
causes 
the IR to go LOW. Data remains 
at the first 
location 
until SI is brought 
LOW. When SI is brought 
LOW and 


the FIFO is not full, 
IR will go HIGH, 
indicating 
that more room 
is available. 
Simultaneously, 
data will 
propagate 
to the second 
location 
and 
continue 
shifting 
until 
it reaches 
the output 
stage 
or a full location. 
The first word 
is present 
at the outputs 
before 
a shift out is applied. 
If the memory 
is full, 
IR will remain 
LOW. 
Data Transfer 


Once data is entered 
into the second 
cell, the transfer 
of any full 


cell 
to 
the 
adjacent 
(downstream) 
empty 
cell 
is automatic, 


activated 
by an on-chip 
control. 
Thus 
data 
will stack 
up at the 


end of the device 
while empty locations 
will "bubble" 
to the front. 


tPT defines 
the time required 
for the first data to travel from input 


to the output 
of a preViously 
empty 
device. 


Data Output 
Data 
is read from 
the Ox outputs. 
When 
data 
is shifted 
to the 


output 
stage, 
Output 
Ready 
(OR) 
goes 
HIGH. 
indicating 
the 


presence 
of 
valid 
data. 
When 
the 
OR is HIGH, 
data 
may 
be 


shifted 
out by bringing 
the Shift Out (SO) HIGH. A HIGH signal 


at SO causes the OR to go LOW. Valid data is maintained 
while 


the SO is HIGH 
When 
SO is brought 
LOW the upstream 
data, 
provided 
that stage has valid data. is shifted 
to the output 
stage. 


When 
new 
valid 
data 
is shifted 
to the output 
stage, 
OR goes 


HIGH. 
If the FIFO is emptied, 
OR stays LOW, and Ox remains 
as 
before, 
(i.e. data does not change 
if FIFO is empty). 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be used 
as status 
signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 


stays LOW for at least tPT) or completely 
empty 
(Output 
Ready 


stays LOW for at least tPT). 


AC Test and High Speed App. Notes 


Since the FIFO is a very-high-speed 
device, 
care must be exer- 
cised in the design 
of the hardware 
and the timing 
utilized 
within 
the design. 
The internal 
shift rate of the FIFO typically 
exceeds 
20 MHz in operation. 
Device grounding 
and decoupling 
is cru- 
cial to correct 
operation 
as the FIFO will respond 
to very small 
glitches 
due 
to long 
reflective 
lines, 
high 
capacitance 
and/or 
poor 
supply 
decoupling 
and 
grounding. 
We 
recommend 
a 
monolithic 
ceramic 
capacitor 
of 0.1 J.lF directly 
between 
Vee 
and GND with very short 
lead length. 
In addition, 
care must be 


exercised 
in how the timing 
is set up and how the parameters 
are 


measured. 
For example, 
since 
an AND 
gate function 
is asso- 


ciated with both the Shift In-Input 
Ready combination, 
as well as 


the Shift Out-Output 
Ready combination, 
timing 
measurements 


may be misleading, 
i.e" rising 
edge of the Shift-In 
pulse 
is not 


recognized 
until 
Input-Ready 
is High.lf 
Input-Ready 
is not high 
due to too 
high 
a frequency 
or FIFO being 
full 
or affected 
by 


Master Reset, the Shift-In 
activity 
will be ignored. 
This will affect 


the device from a functional 
standpoint, 
and will also cause the 
"effective" 
timing 
of Input Data Time (tlDH) 
and the next activity 


of Input 
Ready 
(tIRLl 
to be extended 
relative 
to Shift-In 
going 


High. 
This same type of problem 
is also related 
to tlRH, 
tORL 


and tORH 
as related 
to Shift-Out. 


5/67401 
A/2A/1 
/2, 67401 8/28 
Standalone 


® 
------~ 


INPUT 
DATA 
••••• 
S_T_A_B_L_E_D_A_T_A 
_ 


o Input Ready HIGH indicates space is available and a Shift In pulse may be applied 
o Input Data is loaded into the first word 
o Input Ready goes LOW indicating 
the first word is full. 
o The Data from the first word is released for "fall-through" 
to second word 
@ The Data from the first word is transferred 10 second word. The first word is now empty as indIcated by Input Ready HIGH. 
® If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains 
low. 


NOTE: 
Shift In pulses applied while Input Ready is LOW will be ignored. 
(see Figure 4.) 


5/67401 
A/2A/1 
/2,674018/28 
Standalone 


tIPH~. 
_ 


INPUT 
DATA 
••~_-_-_-_-_-_-_-_S_T_A_B_L_E_D_A_T_A 
¥lflI8I 


oFIFO is initially 
full. 
o Shift Out pulse is applied. An empty location starts "bubbling" 
to the front. 


eD Shift In is held HIGH 
o As soon as Input Ready becomes HIGH the Input Data is loaded into the first word 
o The Data from the first word is released for "fall through" 
to second word. 


o The diagram assumes. that at this lime. words 63. 62. 61 are loaded wIth A B. C Data. respectively 
o Data is shifted out when Shift Out makes a HIGH to LOW transition. 


(2) The diagram 
assumes, that at this time. words 63. 62. 61 are loaded with A, B. C Data. respectively. 
o Data in the crosshatched 
region may be A or B Data. 


---"""'------ 
;® 


~ 
B-DATA 
--------------------------/I~'-------------- 


(2) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied 
o ShIft Out goes HIGH causing 
the next step. 


e!) Output 
Ready goes LOW. 
o Contents of word 62 (B-DATA) 
IS released for "fall through" 
to word 63 


® Output Ready goes HIGH indIcating that new data (B) is now available at the FIFO outputs 
® If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


NOTE: 
Shift Out pulses applied when Output Ready is LOW will be ignored. 


rIITIITiT!1 liT; 
IIIIIIIIIIIIII 


_________ 
A_-_D_A_T_A 
_ 


CD Word 63 is empty 
CD New data (A) arnves at the outputs (word 63) 
CD Output Ready goes HIGH indicating the arrival of the new data. 
o SInce Shift Out 
IS held HIGH. Output Ready goes Immediately LOW 
CD 
As soon as ShIft Out goes LOW the Output Data is subject to change as shown by the dashed Ime on Output Ready 


_____________ 
I. 
t_M_RS 
••••X 


First-In First-Out (FIFO) 
64x4 
64x5 Memory 


15 MHz (Cascadable) 


C67L401D 
C67L402D 


• 
High-speed 
15-MHz 
shift-in/shilt-out 
rates 


• 
Low power 
consumption 


• Choice 
of 4-bit 
or 5-bit 
data width 


• TTL 
inputs 
and outputs 


• 
Readily 
expandable 
in word 
width 
and depth 


• Structured 
pinouts. 
Output 
pins directly 
opposite 


corresponding 
input 
pins 


• 
High-drive 
capability 


• Asynchronous 
operation 


PART 
PKG 
TEMP 
DESCRIPTION 
NUMBER 


~ C67L4010 
N, J 
Com 
15 MHz 64x4 FIFO 


I C67L4020 
N, J 
Com 
15 MHz 64x5 FIFO 


C67L401D 
(C67L402D) 


Description 


The C67L401 0/20 
are "fall-through" 
high-speed 
First-In 
First- 


Out (FIFO) memories 
organized 
64 words 
by 4 bits and 64 words 


by 5 bits respectively. 
The FIFO is expandable 
in word width 
and 


depth. The FIFO is attractive 
for many applications 
such as disk 


controllers, 
communication 
buffers, 
rate 
buffers, 
eje. 
They 


feature 
high-drive 
(IOL = 24 mAl 
outputs. 


INPUT 
READY 
SHIFT 
IN 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
8·40 


Monolithic I!~n 
Memories 
InJlUJ 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
Vcc 
-0.5 V to 7 V 
Input voltage 
...........................................•.....•..•........................................ 
-1.5 V to 7 V 
Off-state 
output 
voltage 
.................................................•................................ 
-0.5 
V to 5.5 V 
Storage 
temperature 
.......................................•..•.....•................................ 
-65·C 
to +1SO·C 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
a 
70 
·C 


fiN 
Shift in rate 
1 
15 
MHz 


tSIH 
Shift in High time 
24 


1 
ns 
tSIL 
Shift in Low time 
15 


I liDS 
Input data setup to SI (Shift 
In) 
1 
0 
ns 


tlDH 
Input data hold from SI (Shift 
In) 
1 
26 
ns 


tRIDS 
Input data setup to IR (Input 
Ready) 
4 
a 
ns 


IRIDH 
Input 
data hold from 
IR (Input 
Ready) 
4 
26 
ns 


fOUT 
Shift out rate 
5 
15 
MHz 


tSOH 
Shift out High time 
17 
5 
ns 


tSOL 
Shift out Low time 
15 


tMRW 
Master 
Reset pulse ** 
10 
35 
ns 


tMRS 
Master 
Reset to SI> 
10 
35 
ns 


* II the FIFO is not full (IR High), MR low forces IA low, followed by IR returning high when MR goes high. 


* * 
See AC test and high-speed application 
note. 


I 
COMMERCIAL 
,SYMBOL 
PARAMETER 
TEST 
CONDITION 
UNIT 


I 
MIN 
TYP 
MAX 


I 
VIL 
Low-level 
input voltage 
0.8** 
V 


VIH 
High-level 
input voltage 
2** 
V 


VIC 
Input 
clamp 
voltage 
VCC= 
MIN 
II = -18 mA 
-1.5 
V 


I 
IlL 
Low-level 
input current 
VCC= 
MAX 
VI = 0.45 V 
-250 
J.lA 


! 
IIH 
High-level 
input current 
VCC= 
MAX 
VI = 2.4 V 
50 
J.lA 


I 
II 
Maximum 
input 
current 
VCC= 
MAX 
VI = 5.5 V 
1 
mA 
I 
I 


Low-level 
Output, 
0 
VCC= 
MIN 
10L = 24 mA 
I 
VOL 
0.5 
V 
I 
Output 
voltage 
IR.OR 
VCC= 
MIN 
10L = 8 mA 


I 
High-level 
Output. 
0 
VCC= 
MIN 
10H = -3.0 mA 


VOH 
Output 
voltage 
2.4 
V 
IR,OR 
VCC= 
MIN 
10H = -0.9 mA 


I 
10S 
Output 
short-circuit 
current> 
VCC= 
MAX 
Vo 
= OV 
-20 
-90 
mA 


VCC= 
MAX 
ICC 
Supply 
current 
All inputs 
low. 
L401D/2D 
100 
mA 
All outputs 
open. 


Monollthlo W MemorIes 


, 
COMMERCIAL 


t SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
UNIT 


i IIRLt 
Shift In t to Inpul 
Ready LOW 
40 
ns 
1 


! IIRHt 
Shift 
In I to Input 
Ready HIGH 
26 
ns 


IIORLt 
Shift Out 
t to Output 
Ready 
LOW 
45 
ns 


110RHt 
Shift Out I to Output 
Ready HIGH 
50 
ns 


5 


IIODHt 
Output 
Data Hold 
(previous 
word) 
12 
ns 


: IODS 
Output 
Data Shift 
(next word) 
40 
ns 


I tpT 
Data throughput 
4,8 
, 
1600 
ns 


IMRORL 
Master 
Reset I to Output 
Ready 
LOW 
60 
ns 


IMRIRH* 
Master 
Reset 1to Input 
Ready HIGH 
.. 
30 
ns 


10 


IMRIRL* 
Master 
Reset I to Input 
Ready LOW 
50 
ns 


I IMRO 
Master 
Reset I to Outputs 
LOW 
60 
ns 


IIPH 
Input 
ready pulse HIGH 
4 
17 
ns 


to PH 
Output 
ready pulse HIGH 
8 
24 
ns 


tORD 
Output 
ready 1to Data Valid 
5 
-3 
ns 


* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
t 
See AC test and high-speed application 
note. 


iF 


v 


R1 


OUTPUT 
TEST POINT 


R2 
JOpF 


Input Pulse Amplitude 
= 3 V 
Input Riseand 
Fall Time (10"10-90"10)= 2.5ns 


Measurements 
made at 1.5 V 


Functional 
Description 


Data Input 


After 
power 
up the Master 
Reset 
is pulsed 
low 
(Figure 
10) to 
prepare 
the FIFO to accept 
data in the first location. 
Master reset 
must be applied 
prior 
to use to ensure 
proper 
operation. 
When 
Input Ready (IR) is HIGH the first location 
is ready to accept data 
from 
the 
Dx 
inputs. 
Data 
then 
present 
at the 
data 
inputs 
is 
entered 
into the first 
location 
when 
the Shift-In 
(SI) is brought 
HIGH. 
A SI HIGH 
signal 
causes the IR to go LOW. Once data is 
entered 
into the first cell, the transfer 
of data from any full cell to 
the adjacent 
(downstream) 
empty 
cell is automatic, 
activated 
by 
an on-chip 
control. 
Thus 
data will 
stack 
up at the end of the 
device 
while 
empty 
locations 
will 
"bubble" 
to the 
front. 
tpT 
defines 
the time required 
for the first data to travel from 
input to 


the output 
of a previously 
empty 
device. 
When 
SI is brought 
LOW and the FIFO is not full, 
IR will go HIGH, 
indicating 
more 
room 
is available. 
If the memory 
is full, IR will remain 
LOW. The 
FIFO should 
always 
be cleared 
by using 
master 
reset. 


Data Output 


Data is read from 
the Ox outputs. 
When 
data 
is shifted 
to the 
output 
stage, 
Output 
Ready 
(OR) 
goes 
HIGH, 
indicating 
the 
presence 
of valid 
data. 
When 
the 
OR is HIGH, 
data 
may 
be 
shifted 
out by bringing 
the Shift Out (SO) HIGH. A HIGH signal 
at SO causes 
the OR to go LOW. Valid data is maintained 
while 
the SO is HIGH. 
When 
SO is brought 
LOW the upstream 
data, 


provided 
the 
upstream 
stage 
has valid 
data, 
is sh ifted 
to the 
output 
stage. When new valid data is shifted 
to the output 
stage, 


IOL 
R1 
R2 


24mA 
2000 
3000 


8mA 
6000 
1200 n 


OR goes HIGH. 
If the FIFO is emptied, 
OR stays LOW and Data 
output 
will not be valid. 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be used 
as status 


signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 
stays LOW for at least tPT) or completely 
empty 
(Output 
Ready 
stays LOW for at least tpT). 


AC Test and High-Speed 
App. Notes 


Since 
the 
FIFO 
is a very-high-speed 
device, 
care 
must 
be 


exercised 
in the design 
of the hardware 
and the timing 
utilized 
within 
the design. 
The 
internal 
shift 
rate of the 
FIFO typically 


exceeds 
20 MHz in operation. 
Device grounding 
and decoupling 
is crucial 
to correct 
operation 
as the FIFO will 
respond 
to very 


small 
glitches 
due 
to long 
reflective 
lines, 
high 
capacitances 


and/or 
poor 
supply 
decoupling 
and 
grounding. 
Monolithic 


Memories 
recommends 
a monolithic 
ceramic 
capacitor 
ofO.11lF 


directly 
between 
VCC and GND 
with 
very short 
lead length. 
In 


addition, 
care must be exercised 
in how the timing 
is set up and 


how the parameters 
are measured. 
For example, 
since an AND 
gate function 
is associated 
with 
both 
the Shift-In-Input-Ready 


combination, 
as well as the Shift-Out-Output-Ready 
combina- 


tion, timing 
measurements 
may be misleading, 
i.e., rising 
edge 


of the Shift-In 
pulse is not recognized 
until Input Ready is HIGH. 


If Input 
Ready is not high due to (a) too high a frequency, 
or (b) 


FIFO being full or effected 
by Master 
Reset, the Shift-In 
activity 
will 
be ignored. 
This 
will 
affect 
the 
device 
from 
a functional 


standpoint, 
and will 
also cause 
the "effective" 
timing 
of Input 


Data 
Hold 
time 
(TIDHl 
and 
the 
next 
activity 
of 
Input 
Ready 


(TIRLl 
to be extended 
relative to shift-in 
going 
HIGH. This same 


type 
of situation 
occurs 
with 
TORL 
and 
TORH 
as related 
to 


Shift-Out. 
For high-speed 
applications, 
proper 
grounding 
tech- 
nique 
is essential. 


y-- 
'----- 


l-==-_~,---J __ 
'. ~t~==~~_- 
__~--_ 


INPUT 
DATA 
_.-STABLEDATA--_ 
••.. 
_ 


CD 
Input Meady HIGH indicates 
space is available 
and a Shift-In 
pulse may be applied. 


CD 
Input Data is loaded into the first word. The Data from the first word is released for "fall-through" 
to second word. 


CD 
Input Ready goes LOW indicating 
the first word is full. 


eD 
Shlft·l" 
gOing LOWallows 
Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 


CD 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: 
Shift-In pulses applied while Input Ready is LOW will be ignored 


SHIFT 
OUT~ 


SHIFT 
INJ 


INPUT 
READY 
, 
• 
IpT 
~_IIPH-\~ 
_ 


:t=:.:- 
'''~---~j== 
INPUTDATA_ 
STABLEDATA---~~ 


CD 
FIFO IS mitially full. 


CD 
Shift Out pulse is applied. An empty location starts "bubbling" 
to the front. 


CD 
Shift In is held HIGH 


CD 
As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


I 


I 


~ 


Figure 5. Output Timing 


CD 
The diagram 
assumes that at this time. words 63. 62 and 61 are loaded with A, Band C Data, respectively. 


CD Output data changes on the failing edge of SO after a valid Shift-Out 
sequence, 
i.e. OR and SO are both high together. 


I 
I 
A-DATA 


~ 


CD 
The diagram 
assumes that at this time words 63, 62and 61 are loaded with A, Band C Data, respectively. 


CD 
Data in the first crosshatched 
region may be A or B Data. 


Monolithic mMemories 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


CD 
Output 
Ready HIGH indicates that data is available and a Shift-Out 
pulse may be applied. 


CD 
Shift-Out 
goes HIGH causing the contents 
of word 62 (B-Data) to be released for fall-through 
to word 63. 


Output data remains as valid A-Data while Shift-Out 
is HIGH. 


0) 
Output 
Ready goes LOW. 


CD 
&hift-out 
goes LOW causing Output 
Ready to go HIGH and new data (8) to appear at the data outputs. 


eD 
If the FIFO has only one word loaded (A-Oata) then Output 
Ready stays LOW and the output data becomes invalid. 


CD 
FIFO initially 
empty. 


CD 
Shift Out held HIGH 


\~---------- 


CD'<---- 
oy 
fiTT/T7TT/T/77777777777777 
/!/////////////////////////. 
- 


CD 
Word 63 is empty. 


CD 
Output Ready goes HIGH indicating arrival oltha newdala. 


CD 
New data (A) arrives at the outputs (word 63). 


CD 
Smce Shift Out is held HIGH, Output Ready goes immediately 
LOW. 


CD 
As soon as Shift Out goes LOWthe Output Data is subject to change. Output Ready will go HIGH or LOW depending 
on whether there are any additional 
upstream 


words in the FIFO. 


~••,o,,- 


DATA OUTPUTS 
~ 
-M"------- 


CD 
FIFO initially partially fulL 


IMRS----l 


Low Power 
First-In First-Out (FIFO) 64x4 
Memory 
67L401 


Features/ 
Benefits 


• 
Guaranteed 
5 MHz shift-out/shift-in 
rates 


• 
Low Power 
Consumption 


• 
TTL inputs 
and outputs 


• 
Readily 
expandable 
In the bit dimensions 


• 
Structured 
pinouts. 
Output 
pins 
directly 
opposite 
corres- 


ponding 
Input 
pins 


• 
~~nchronous 
operation 


• 
Pin compatible 
with 
Fairchild's 
F3341 MOS FIFO and much 


faster 


Description 


The 67L401 
is a low-power 
First-In 
First-Out 
(FIFO) 
memory 
device 
with 
TTL 
speed. 
This 
device 
is organized 
in a 64x4-bit 


structure 
and easily expandable 
to any width. 
A 5 MHz data rate 


with 
fast 
"fall 
through" 
time 
allows 
usage 
in tape 
and 
disc 


controllers, 
printers 
and communications 
buffer 
applications. 


This 
data 
rate is much 
faster 
than 
a comparable 
MOS device. 
The FIFO is a register-based 
device. 
Data entered 
at the inputs 


"falls through" 
to the empty 
space closest 
to the output. 
Data is 


shifted 
out in the same sequence 
it is shifted 
in. Also, the width 


can be increased 
by putting 
the Input Ready signals 
through 
an 


AND gate to give a composite 
Input Ready. Similarly, 
the Output 


Ready 
signals 
should 
be gated 
to form 
a composite 
Output 


Ready. 


Generally, 
FIFOs 
are used in digital 
systems 
performing 
data 


transfers 
when 
source 
and 
receiver 
are not 
operating 
at the 
same data 
rate. FIFOs are also used as data buffers 
where 
the 


source 
and 
receiver 
are not operating 
at the same 
time. 
The 


67L401 
is particularly 
useful 
where 
low-power 
consumption 
is 


critical. 


PART 
PKG 
TEMP 
DESCRIPTION 


NUMBER 


67L401 
N,NL 
COM 
5 MHz 
64x4 
FIFO 


67L401 
J, NL 
COM 
5 MHz 
64x4 
FIFO 


Block Diagram 


67L401 
64x4 


67L401 
64x4 


Monolithic ~T!n 
MemorIes uun.u 
TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 


Absolute 
Maximum 
Ratings 


Supply voltage VCC ..................................•.............................•...................... 
-0.5 V to 7 V 
Input voltage 
........................................•..........................•..•.........•............ 
-1.5 V to 7 V 
Off-state output voltage .........................•........•........•...........•..•..•......•..•.......... 
-0.5 V to 5.5 V 
Storage temperature 
..............................•..•..........................•..•......•............ 
_65· to +1500 C 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
0 
75 
·C 


tSIHt 
Shift in HIGH time 
1 
55 
ns 


tSIL 
Shift in LOW time 
1 
55 
ns 


tlDS 
Input data setup 
1 
10 
ns 


tlDH 
Input data hold time 
1 
80 
ns 


tSOHt 
Shift Out HIGH time 
5 
55 
ns 


tSOL 
Shift Out LOW time 
5 
55 
ns 


tMRW 
Master Reset pulse 
10 
40 
. 
ns 


tMRS 
Master Reset to SI 
10 
35 
ns 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


fiN 
Shift in rate 
1 
5 
MHz 


tlRLt 
Shift in to Input Ready LOW 
1 
, 
75 
ns 


tlRHt 
Shift in to Input Ready HIGH 
1 
75 
ns 


fOUT 
Shift Out rate 
5 
5 
MHz 


tORLt 
Shift Out to Output Ready LOW 
5 
75 
ns 


tORHt 
Shift Out to Output Ready HIGH 
5 
80 
ns 


tODH 
Output Data Hold (previous word) 
5 
8 
ns 


to OS 
Output Data Shift (next word) 
5 
70 
ns 


tpT 
Data throughput or '1all through" 
4.8 
4 
JJS 


tMRORL 
Master Resetto OR LOW 
10 
lIS 
ns 


tMRIRH 
Master Resetto IR HIGH 
10 
85 
ns 


tlPH. 
Input Ready pulse HIGH 
4 
20 
ns 


tOPH. 
Output Ready pulse HIGH 
8 
20 
ns 


* The "TEST POINT" 
is driven by the output under test. 


and observed by instrumentation. 
& 


SV 


S6011 


TESTPOINT* 


1.lkll 
30pF 


Input Pulse 0 to 3 V 
Input Rise and Fall Time (10% - 90%) 
5 ns minimum 
Measurements made at 1.5 V 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2t 
V 


VIC 
Input clamp voltage 
VCC=MIN 
II 
= -18mA 
-1.5 
V 


IIU 
Low-level 
I 00-03 
MR 
-0.8 
mA 


VCC = MAX 
VI 
= 0.45V 


IIL2 
input current 
SI, SO 
-1.6 
mA 


IIH 
High-level input current 
VCC = MAX 
VI 
= 2.4V 
50 
!1A 


II 
Maximum input current 
VCC = MAX 
VI 
= 5.5V 
1 
mA 


VOL 
Low-level output voltage 
VCC= MIN 
I 10L = 8mA 
0.5 
V 


VOH 
High-level output voltage 
VCC = MIN 
I 10H = -o.9mA 
2.4 
V 


10S 
Output short-circuit current' 
VCC = MAX 
Vo 
=OV 
-20 
-90 
mA 


ICC 
Supply Current 
VCC = MAX 
Inputs Low, 
Outputs Open 
95 
110 
mA 


.• Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 
t This is an absolute voltage with respect to device GND 
(Pin 8 or 9) and includes all overshoots due to test equipment. 


Functional 
Description 


Data Input 
After power up the Master Reset is pulsed low (Fig. 11) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
Ox inputs. Data then present at the data inputs is entered into 
the first location when· the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, fR will go HIGH, indicating that more room 
is available. Simultaneously. data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will "bubble" to the front. 
tPT defines the time required for the first data to travel from input 
to the output of a previously empty device. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (I.e.data does not change if .FIFO is empty). 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at leasttpT) or completely empty (Output Ready 
stays LOW tor at leasttPT)' 


AC Test and Application 
Note 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing. Though the 
external data rate is 5 MHz internally the device is several times 
as fast. Device grounding and decoupling is crucial to correct 
operation, asthe FIFO will respond to very small glitches caused 
by long reflective lines, high capacitances and/or poor supply 
decoupling andgrounding, Werecommend a monolithic ceramic 
capacitor of 0.1 !J.Fdirectly between VCC and GND with very 
short lead length. In addition, care must be exercised in timing 
set up and measurement of parameters, For example, since an 
AND gate function is associated with both the Shift In-Input 
Ready Combination, as well as the Shift Out-Output 
Ready 


Combination, timing measurements may be misleading, Le" 
rising edge of the Shift-In pulse is not recogniZed until Input- 
Ready is High,lf Input-Ready is not high due to too high a 
frequency, or the FIFO being full or affected by Master Reset,the 
Shift-In activity will be ignored, This will affect the device from a 
functional standpoint, and will also cause the "effective" timing 
of Input Data Time (tIDH) and the next activity of Input Ready 
(ttRLl to be extended relative to Shift-In going High. 


@) 
------~ 


INPUT 
DATA 
S_<T_A_a_L_ED_A_T_A 
_ 


Figure 3. The Mechanism of Shifting Data Into the FIFO 
o Input Ready HIGH indicates 
space is available 
and 8 Shift In pulse may be applied. 
o Input Data is loaded into the first word. 
o Input Ready goes LOW indicating 
the first word is full. 
o The Data from the first word is released for "fall-through" 
to second word. 


@ The Data from the first word is transferred to second word. The first word is now empty as indicated 
by Input Ready HIGH. 


@) If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: 
Shift In pulses applied 
while 
Input Ready is LOW will be ignored 
(See Figure 5). 
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INPUT 
DATA 
••• 
S_T_A_B_LE_D_A_TA 
....I~ 


CD FIFO IS initially futl 
o Shift Out pulse IS applied 
An empty location start "bubbling" 
to the front. 


eD Shift In IS held HIGH. 
o As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 
® The Data from the first word 
is released lor "tall through" 
to second word. 


o The dIagram 
assumes. 
that at this time. words 
63. 62. 61 are loaded 
with A. B. C Data. respectively 
o Data in the crosshatched 
region 
may be A or B Data. 
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A-DATA 
~ 
--------------------------/I~' 
..... 
------------- 


o Output 
Ready 
HIGH 
indicates 
that data is available 
and a Shift 
Out pulse 
may be applied. 
o Shift Out goes HIGH causing the next step. 
o Output 
Ready goes LOW. 


e!) Contents of word 62 (B-DATA) is released for "falllhrough" 
to word 63. 


® Output Ready goes HIGH indicating 
that new data (B) is now available at the FIFO outputs. 


@ If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


OUTPUT 
READY 
o FIFO initially 
empty. 
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~ 
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o Word 63 is empty 
o New data (A) arrives at the outputs (word 63). 
CD Output Ready goes HIGH indicating 
the arrival of the new data. 


o Since Shift Out is held HIGH. Output Ready goes immediately 
LOW. 
o As soon as Shift Out goes lOW the Output Data is subject to change 
as shown by the dashed line on Output Ready 


SHIFT IN 
o FIFO initially full. 
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Figure 12. 64x8 FIFO With Two 67L401's 
11m 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall through times of the FIFOs. 


Applications 


FIFOs are typically used as temporary data buffers between 
mismatching 
data rates. Such an application 
is shown in 


Figure 13. 
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Figure 13. FIFO As Data Buffer Between Slow Steady Rate 


and Fast 'Burst' Rate 


The 67L401 can also be used in a bidirectional operation as 
shown in Figure 14. 
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Low Power First-In First-Out (FIFO) 
64x5 Memory 
67L402 


• Guaranteed 5 MHz shlft-oul/shlft-In 
rates 


• Low power consumption 


• TTL Inputs and outputs 


• Readily expandable in the bit dimensions 


• Structured pinouts. Output pins directly opposile corres- 
ponding Input pins 


• Asynchronous operation 


Description 


The 67L402 is a low-power First-In First-Out (FIFO) memory 
device with TTL speed. This device is organized in a 64x5-bit 
structure and easily expandable to any width. A 5 MHz data rate 
with fast '~all through" time allows usage in tape and disc 
controllers, printers and communications 
buffer applications. 
This data rate is much faster than a comparable MOS device. 
The FIFO is a register-based device. Data entered at the inputs 
'~alls through" to the empty space closest to the output. Data is 
shifted out in the same sequence it is shifted in. Also, the width 
can be increased by putting the Input Ready signals through an 
AND gate to give a composite Input Ready.Similarly, the Output 
Ready signals should be gated to form a composite Output 
Ready. 


Generally, FIFOs are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. The 
67L402 is particularly useful where low-power consumption is 
critical. 
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PKG 
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Monolithio ~~n 
Memories 
LnJnJJ 


Absolute 
Maximum 
Ratings 


Supply voltage VCC 
.........................................................•........................... 
-0.5 V to 7 V 
Input voltage .........................•........•..........................................•.....•..•..... 
-1.5 V to 7 V 
Off-state output voltage 
...........•.........................................•...............•..•...... 
-0.5 V to 5.5 V 
Storage temperature 
...........................................................•......•..•........... 
_65° to +150°C 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
0 
75 
°c 


tSIHt 
Shift in HIGH time 
1 
55 
ns 


tSIL 
Shift in LOW time 
1 
55 
ns 


tlDS 
Input data setup 
1 
10 
ns 


tlDH 
Input data hold time 
1 
80 
ns 


tSOHt 
Shift Out HIGH time 
5 
55 
ns 


tSOL 
Shift Out LOW time 
5 
55 
ns 


tMRW 
Master Reset pulse 
10 
40 
ns 


tMRS 
Master Resetto SI 
10 
35 
ns 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


fiN 
Shift in rate 
1 
5 
MHz 


tlRLt 
Shift in to Input Ready LOW 
1 
75 
ns 


tlRHt 
Shift in to Input Ready HIGH 
1 
75 
ns 


fOUT 
Shift Out rate 
5 
5 
MHz 


tORLt 
Shift Out to Output Ready LOW 
5 
75 
ns 


tORHt 
Shift Out to Output Ready HIGH 
5 
80 
ns 


tODH 
Output Data Hold (previous word) 
5 
8 
ns 


tODS 
Output Data Shift (next word) 
5 
70 
ns 


tpT 
Data throughput or '1all through" 
4, 8 
4 
IJs 


tMRORL 
Master Resetto OR LOW 
10 
85 
ns 


tMRIRH 
Master Resetto IR HIGH 
10 
85 
ns 


tlPH 
Input Ready pulse HIGH 
4 
20 
ns 


tOPH 
Output Ready pulse HIGH 
8 
20 
ns 


* The "TEST POINT" 
is dnven by the output under test, 
&5V56011 


and observed by Instrumentation. 
TEST POINT· 


1.lkll 
30pF 


Input Pulse 0 to 3 V 
Input Rise and Fall Time (10% - 90%) 
5 ns minimum 
Measurements made at 1.5 V 
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SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2t 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
= -18mA 
-1.5 
V 


11L1 
Low-level 
I 00-03 
MR 
-0.8 
mA 


VCC = MAX 
VI 
= 0.45V 


11L2 
input current 
SI. SO 
-1.6 
mA 


IIH 
High-level 
input 
current 
VCC= 
MAX 
VI 
= 2.4V 
50 
p.A 


I) 
Maximum 
input 
current 
VCC= 
MAX 
VI 
= 5.5V 
1 
mA 


VOL 
Low-level 
output 
voltage 
VCC= 
MIN 
I 10L 
= 8mA 
0.5 
V 


VOH 
High-level 
output 
voltage 
VCC = MIN 
I 10H = -O.9mA 
2.4 
V 


10S 
Output 
short-circuit 
current" 
VCC = MAX 
Vo 
= OV 
-20 
-90 
mA 


ICC 
Supply 
Current 
VCC= 
MAX 
Inputs 
Low, 
Outputs 
Open 
113 
130 
mA 


• Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 
t This is an absolute voltage with respect to device GND 
(Pin 8 or 9) and includes all overshoots due to test equipment. 


Functional Description 
Data Input 
After 
power 
up 
the 
Master 
Reset 
is pulsed 
low 
(Fig. 
11) to 


prepare 
the FIFO to accept 
data in the first location. 
When Input 


Ready (IR) is HIGH 
the location 
is ready to accept 
data from the 


Ox 
inputs. 
Data then 
present 
at the data inputs 
is entered 
into 


the first 
location 
when· the Shift 
In (51) is brought 
HIGH. 
A 51 


HIGH 
signal 
causes 
the IR to go LOW. Data remains 
at the first 


location 
until 51 is brought 
LOW. When 51 is brought 
LOW and 


the FIFO is not full. 
IR will go HIGH. 
indicating 
that more room 


is available. 
Simultaneously, 
data will 
propagate 
to the second 


location 
and continue 
shifting 
until 
it reaches 
the output 
stage 


or a full location. 
The first word 
is present 
at the outputs 
before 


a shift out is applied. 
If the memory 
is full, 
IR will remain 
LOW. 


Data Transfer 


Once data is entered 
into the second 
cell. the transfer 
of any full 


cell 
to 
the 
adjacent 
(downstream) 
empty 
cell 
is automatic. 
activated 
by an on-chip 
control. 
Thus 
data 
will stack 
up at the 


end of the device 
while empty locations 
will "bubble" 
to the front. 


tPT defines 
the time required 
for the first data to travel from input 


to the output 
of a previously 
empty 
device. 


Data Output 


Data 
is read from 
the Ox outputs. 
When 
data 
is shifted 
to the 


output 
stage. 
Output 
Ready 
(OR) 
goes 
HIGH. 
indicating 
the 


presence 
of 
valid 
data. 
When 
the 
OR is HIGH, 
data 
may 
be 


shifted 
out by bringing 
the Shift Out (SO) HIGH. A HIGH signal 


at SO causes the OR to go LOW. Valid data is maintained 
while 


the SO is HIGH. 
When SO is brought 
LOW the upstream 
data. 
provided 
that stage has valid data. is shifted 
to the output 
stage. 
When 
new 
valid 
data 
is shifted 
to the output 
stage. 
OR goes 


HIGH. 
If the FIFO is emptied. 
OR stays LOW. 
and Ox 
remains 


as before. 
(i.e. data does not change 
if FIFO is emptY). 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be 
used 
as status 


signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 


stays LOW for at least tpT) 
or completely 
empty 
(Output 
Ready 


stays LOW for at least tpT)' 


AC Test and Application 
Note 


Since the FIFO is a high-speed 
device. care must be exercised 
in 
design 
of the hardware 
and the timing. 
Though 
the external 
data 


rate is 5 MHz. internally 
the device 
is several times as fast. Device 
grounding 
and decoupling 
is crucial 
to correct 
operation, 
as the 


FIFO is sensitive 
to very small glitches 
caused 
by long reflective 


lines. 
high 
capacitances. 
and/or 
poor 
supply 
decoupling 
and 


grounding. 
We recommend 
a monolithic 
ceramic 
capacitor 
of 
0.1 
JlF directly 
between 
VCC and GNO 
with 
a very short 
lead 


length. 
In addition. 
care must be exercised 
in timing 
setup and 
measurement 
of parameters. 
For example, 
since 
an AND 
gate 


function 
is associated 
with 
both the Shift 
In-Input 
Ready Com- 
bination 
as well 
as the Shift 
Out-Output 
Ready 
Combination. 


timing 
measurements 
may be misleading. 
I.e.• rising edge of the 


Shift-In 
pulse 
is not 
recognized 
until 
Input-Ready 
is High. 
If 


Input-Ready 
is not high dueto 
too high a frequency. 
or the FIFO 


being full or affected 
by Master Reset. the Shift-In 
activity 
will be 


ignored. 
This will affect the device from a functional 
standpoint, 


and will 
also 
cause 
the "effective" 
timing 
of 
Input 
Data 
Time 


(tIDH) 
and the next activity 
of Input Ready (tIRLl 
to be extended 


relative 
to Shift-In 
going 
High. 
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INPUT 
DATA 
S_.T_A_B_LE_D_A_T_A 
_ 


G) Input Ready HIGH indicates 
space is available and a Shift In pulse may be applied. 
o Input Data is loaded into the first word. 
e!) Input Ready goes LOW indicating 
the first word is tull. 
o The Data from the first word is released for "fall-through" 
to second word. 


@ The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 
@) If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: 
Shift In pulses applied while Input Ready is LOW will be ignored 
(See Figure 5). 
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INPUT 
DATA 
••C 
S_T_A_B_LE_D_A_TA 
..J1lI#I8t 


o FIFO IS initially full. 
o Shift Out pulse is applIed An empty location start "bubbling" 
to the front. 
o Shift In IS held HIGH 
oAs soon as Input Ready becomes HIGH the Input Data IS loaded mto the first word 
® The Data from the fIrst 
word IS released for "fall through" 
to second word 


o The diagram assumes, thai at this time, words 63. 62. 61 are loaded with A. B. C Data. respectively. 
o Data in the crosshatched 
region may be A or B Data. 
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~ 
8·DATA 
--------------------------/I~\-------------- 


o Output 
Ready HIGH indicates 
that data is available and a Shift Out pulse may be applied. 
o Shift Out goes HIGH causing the next step. 
eD Output 
Ready goes LOW. 
o Contents 
of word 62 (B-DATA) 
is released tor "'all through" 
to word 63. 


® Output 
Ready 
goes 
HIGH 
indicating 
that 
new data 
(B) 
is now 
available 
at (he FIFO 
outputs. 
® If the FIFO has only one word loaded (A-DATA) 
then Output 
Ready stays LOW and the A-DATA 
remains unchanged 
at the outputs. 


-I. 
)? 
/ 


tPT~"·r 
~ 


~tOPH_~ 
••••• 
_ 


OUTPUT READY 
(2) FIFO initially empty 


rllTIITI 171II/; 
IIIIIIIIIIIIII 


----{ 


(2) Word 63 is empty 
o New data (A) arrives at the outputs (word 63). 
o Output Ready goes HIGH indicating 
the arrival' of the new data. 


CD Since Shift Out is held HIGH. Output 
Ready goes immediately 
LOW 
o As soon as Shift Out goe~ LOW the Outpu! 
Data is subject to change 


as shown by the dashed line on Output Ready. 


SHIFT 
IN 


(2) FIFO initially full 
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FIFOs 
are expandable 
in depth 
and width. 
However, 
in forming 
wider 
words 
two external 
gates are required 
to generate 
composite 
Input 
and Output 
Ready 
flags. This 
need is due to the different 
fall through 
times 
of the FIFOs. 


Applications 


FIFOs 
are typically 
used 
as temporary 
data 
buffers 
between 
mismatching 
data 
rates. 
Such 
an 
application 
is shown 
in 


Figure 
12. 
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Figure 
12. 
FIFO 
As Data 
Buffer 
Between 
Slow 
Steady 
Rate 


and Fast 'Burst' 
Rate 


The 67LS402 
can also be used 
in a bidirectional 
operation 
as 


shown 
in Figure 
13. 


First-In First-Out (FIFO) 
64x5 Memory 
35 MHz (Standalone) 


67413A 
67413 


Features/ 
Benefits 


• 
High-speed 
35 MHz shift-In/shift-out 
rates 


• 
High-drive 
capability 


• Three-state 
outputs 


• 
Half-full 
and Almost-full/Empty 
status 
flags 


• Structured 
pinouts. 
Output 
pins directly 
opposite 


corresponding 
input 
pins. 


• Asynchronous 
operation 


• TTL-compallble 
Inputs 
and outputs 


Description 


The 
67413A 
is a high-speed, 
64)(5 First-In-First-Out 
(FIFO) 


memory 
which 
operates 
at 35-MHz 
input/output 
rates 
(67413 


operates 
at 25-MHz 
in-out). 
The data is loaded and emptied 
on a 


first-in-first-out 
basis. 
It is a three-state 
device 
with 
high-drive 


(IOL 
= 24 mA) data outputs. 
These devices 
can be connected 
in 


parallel 
to give FIFOs of any word 
length. 
It has a Half-full 
flag 


(thirty-two 
or more 
words 
full) 
and 
an almost 
full/empty 
flag 


(fifty-six 
or more words 
or eight or less words). 
The main appli- 


cations 
of 67413A, 
67413 are rate buffers; 
sourcing 
and absorb- 


ing data 
at different 
rates. 
Other 
applications 
are high-speed 


tape 
and disk 
controllers, 
data 
communications 
systems 
and 


plotter 
control 
systems. 
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FIFO 
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STAGE 


REGISTER 
CONTROL 
LOGIC 


PART 
PKG 
TEMP 
DESCRIPTION 
NUMBER 


67413A 
J 
Com 
35 MHz-in/out 


57413 
J 
Com 
25 MHz-in/out 


vcc 


ALMOST FULU 
EMPTY 


SHIFT OUT 
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67413 


FIFO 
OUTPUT 
STAGE 
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17 
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Monolilhlcrlmn 
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Absolute 
Maximum 
Ratings 


Supply voltage VCC 
............................•..•.......................•...............•........•...•.... 
-0.5 to 7 V 
Input voltage 
.....................................•.......................•.....•..•........................ 
-1.5 to 7 V 
Off-state 
output 
voltage 
.......•..•..•................ 
. . . . . . . . . . . . . . . . . . . • . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5 to 5.5 V 
Storage temperature 
...............•....................•........•..•................................ 
-65°C 
to +150°C 


SYMBOL 


COMMERCIAL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
°c 


tSIHt 
Shift 
in HIGH 
time 
1 
9 
ns 


tSILt 
Shift 
in LOW time 
1 
17 
ns 


tlDS 
Input 
data set up 
1 
2 
ns 


tlDH 
Input 
data hold time 
1 
15 
ns 


tSOHt 
Shift 
Out HIGH time 
5 
9 
ns 


tSOL 
Shift 
Out LOW time 
5 
17 
ns 


tMRW 
Master 
Reset pulse t 
10 
30 
ns 


tMRS 
Master 
Reset to SI 
10 
35 
ns 


SYMBOL 
PARAMETER 
COMMERCIAL 
FIGURE 
MIN 
TYP 
MAX 
UNIT 


fiN 
Shift 
in rate 
1 
DC 
tPo 
MHz 
DC 
ttt35 


tlRLt 
Shift 
In f to Input 
Ready LOW 
1 
12 
18 
ns 


tlRHt 
Shift 
In j to Input 
Ready HIGH 
1 
14 
20 
ns 


fOUT 
Shift 
Out rate 
5 
DC 
tPo 
MHz 
DC 
ttP5 


tORLt 
Shift 
Out t to Output 
Ready LOW 
5 
12 
18 
ns 


tORHt 
Shift 
Out I to Output 
Ready HIGH 
5 
14 
20 
ns 


tODHt 
Output 
Data Hold 
(previous 
word) 
5 
12 
ns 


tODS 
Output 
Data Shift 
(next word) 
5 
34 
ns 


tpT 
Data throughput 
or "fall through" 
4,8 
510 
650 
ns 


tMRORL 
Master 
Reset j to Output 
Ready LOW 
10 
18 
28 
ns 


tMRIRH 
Master 
Reset t to Input 
Ready HIGH 
10 
21 
28 
nS 


tMRIRL 
Master 
Reset I Input 
Ready LOW- 
10 
18 
28 
ns 


tMRO 
Master 
Reset I to Outputs 
LOW 
10 
32 
45 
ns 


Note: 
Typicals 
at S V VCC and 2S"C TA. 


* If the FIFO is not full (IR High). MR low forces IR low. followed by IR returning high when 
'M"R 
goes high. 
t see AC test and high-speed 
application 
note. 
tt 
Tested 
ttt 
Guaranteed 
by design 
(see test load). 


COMMERCIAL 


UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 


tlPH 
Input 
ready 
pulse 
HIGH 
4 
5 
12 
ns 


tOPH 
Output 
ready 
pulse 
HIGH 
8 
5 
12 
ns 


tORD 
Output 
ready 
t HIGH 
to Data Valid 
5 
. 
18 
ns 


tAEH * 
Shift 
Out t to AF/E 
HIGH 
11 
" 
100 
~ 
135 
ns 
~. 


tAEL * 
Shift 
In I to AF/E 
LOW 
11 
450 
600 
ns 
, 


tAFL * 
Shift 
Out t to AF/E 
LOW 
12 
450 
600 
ns 


tAFH * 
Shift 
In t to AF/E 
HIGH 
12 
100 
135 
ns 


tHFH * 
Shift 
In t to HF HIGH 
13 
280 
360 
ns 


tHFL * 
Shift 
Out t to HF LOW 
13 
280 
360 
s 


tpHZ 
A 
14 
25 
ns 


tpLZ 


Output 
Disable 
Delay 


14 
25 
A 
ns 


tpZL 
A 
14 
25 
ns 


tpZH 
Output 
Enable 
Delay 
A 
24 
38 
ns 


IOL 
R1 
R2 


24mA 
200 f1 
300 f1 


8mA 
600n 
1200n 


Input Pulse Amplitude 
= 3V 
Input Riseand 
Fall Time (10%-90%) = 2.5ns 


Measurements 
made at 1.5 V 


Typical Ice vs Temperature 


(Vee=MAX) 


230 


220 


210 


200 


ICC(mA) 


190 


180 


170 


160 


! 


"'- 


'" 
67413/A 
(VCC = 5.25 ~ "'- 


-55 -50 
-25 
0 
25 
50 
75 
100 
125 


CASE TEMPERATURE (OC) 


Absolute 
Maximum 
Ratings 


Supply voltage VCC 
..........................•..•..•..•..•..•............................................. 
-0.5 V to 7 V 


Input voltage 
............•...............................•................................................ 
-1.5 V to 7 V 


Off-state 
output 
voltage 
...•.........................•.....•.............................................. 
-0.5 V to 5.5 V 


Storage temperature 
............................•..•........•..•....................................... 
-65° to +150°C 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
°c 


tSIHt 
Shift 
in HIGH time 
1 
16 
ns 


tSILt 
Shift 
in LOW time 
1 
20 
ns 


tlDS 
Input 
data set up 
1 
3 
ns 


tlDH 
Input 
data hold time 
1 
25 
ns 


tSOHt 
Shift Out HIGH time 
5 
16 
ns 


tSOL 
Shift Out LOW time 
5 
20 
ns 


tMRW 
Master 
Reset pulse t 
10 
35 
ns 


tMRS 
Master 
Reset to SI 
10 
35 
ns 


COMMERCIAL 


SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
UNIT 


fiN 
Shift 
in rate 
1 
DC 
25 
MHz 


tlALt 
Shift 
In I to Input 
Ready LOW 
1 
12 
28 
ns 


tlRHt 
Shift 
In 1 to Input 
Ready HIGH 
1 
14 
25 
ns 


fOUT 
Shift Out rate 
5 
DC 
25 
MHz 


tORLt 
Shift Out I to Output 
Ready LOW 
5 
12 
28 
ns 


tORHt 
Shift Out j to Output 
Ready HIGH 
5 
14 
25 
ns 


tODHt 
Output 
Data Hold 
(previous 
word) 
5 
10 
ns 


to OS 
Output 
Data Shift 
(next word) 
5 
40 
ns 


tpT 
Data throughput 
or "fall through" 
4.8 
510 
750 
ns 


tMRORL 
Master 
Reset j to Output 
Ready LOW 
10 
18 
30 
ns 


tMRIRH 
Master 
Reset I to Input 
Ready HIGH 
10 
21 
30 
ns 


tMRIRL 
Master 
Reset I "Input Ready LOW· 
10 
18 
30 
ns 


tMRO 
Master 
Reset j to Outputs 
LOW 
10 
32 
55 
ns 


Note: 
Typicals at 5 V VCC and 25°C TA' 
* 
If the FIFO 
IS not full (IR High). MR low forces IR low. followed by IR returning high when MR goes high. 


t 
See AC test and high-speed application note. 


COMMERCIAL 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
UNIT 


tlPH 
Input ready pulse HIGH 
4 
5 
12 
ns 


to PH 
Output 
ready pulse HIGH 
8 
5 
12 
ns 


tORD 
Output 
ready! 
HIGH to Data Valid 
5 
20 
ns 


tAEH * 
Shift Out t to AF/E HIGH 
11 
100 
145 
ns 


tAEL * 
Shift 
In t to AF/E LOW 
11 
450 
650 
ns 


tAFL * 
Shift Out I to AF/E LOW 
12 
450 
650 
ns 


tAFH * 
Shift 
In ! to AF/E HIGH 
12 
100 
145 
ns 


tHFH * 
Shift In t to HF HIGH 
13 
280 
380 
ns 


tHFL * 
Shift Out t to HF LOW 
13 
280 
380 
ns 


tpHZ 
A 
14 
30 
ns 
Output 
Disable 
Delay 
30 
tpLZ 
A 
14 
ns 


tpZL 
A 
14 
30 
ns 
Output 
Enable 
Delay 


tpZH 
A 
24 
50 
ns 


Note: 
Input rise and fall time 
(10%-90%) = 2.5 ns. 


* 
See timing diagram for explanation 
of parameters. 


SYMBOL 
PARAMETER 
TEST CONDITION 
MINTYPMAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8t 
V 


V,H 
High-level 
input voltage 
2t 
V 


V,C 
Input 
clamp 
voltage 
VCC = MIN 


" 


= -18 mA 
-1.5 
V 


I'L 
Low-level 
input 
current 
VCC 
= MAX 
V, = 0.45 V 
-250 
/lA 


"H 
High-level 
input current 
VCC = MAX 
V, = 2.4 V 
50 
/lA 


I, 
Maximum 
input current 
VCC = MAX 
V, = 5.5V 
1 
mA 


'OL (Data outputs) 
67413A 
24mA 
67413 


VOL 
Low-level 
output 
voltage 
VCC = MIN 
'OL (IR. OR) 
67413A 
8 mAtt 
0.5 
V 
67413 


'OL (Flag outputs) 
67413A 
8mA 
67413 


'OH 
(Data outputs) 
-3.0 
mA 


VOH 
High-level 
output 
voltage 
VCC = MIN 
'OH 
(IR.OR) 
67413A 
-O.g mA 
2.4 
V 
67413 
'OH 
(Flag outputs) 
-O.g mA 


'OS 
Output 
short-circuit 
current * 
VCC = MAX 
VO= 
0 V 
-20 
-90 
mA 


'HZ 
VCC = MAX 
VO= 
2.4 V 
+20 
/lA 
Off-state 
output 
current 
VCC = MAX 
VO= 
0.4 V 
-20 
/lA 
'LZ 


'CC 
Supply 
current 
VCC = MAX. All inputs 
low. All outputs 
open. 
(67413AJ67413) 
**240 
mA 


Not more than one output should 
be shorted 
at a time and duration 
of the short circuit should 
not exceed 
one second. 


See curve for Ice vs. temp. 
t 
There are absolute 
voltages 
with respect to GND 
(PIN 8 or 9) and includes 
all overshoots 
due to test equipment. 


tt 
Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating 
at frequencies above 25 MHz. 


Functional 
Description 


Data Input 


After 
power 
up the Master 
Reset is pulsed 
low 
(Figure 
10) to 
prepare 
the 
FIFO 
to accept 
data 
in the first 
location. 
Master 
Reset must be applied 
prior 
to use to ensure 
proper 
operation. 
When 
Input 
Ready 
(IR) is HIGH 
the first 
location 
is ready 
to 


accept 
data from 
the Dx inputs. 
Data then 
present 
at the data 


inputs 
is entered 
into the first location 
when 
the Shift-In 
(SI) is 


brought 
HIGH. ASI HIGH signal causes the IRtogo 
LOW. Once 


data is entered 
into the first cell. the transfer 
of data in any full 


cell to the adjacent 
(downstream) 
empty 
cell 
is automatically 
activated 
by an on-chip 
control. 
Thus data will stack 
up at the 


end of the device 
(while 
empty 
locations 
will 
"bubble" 
to the 


front when data is shifted 
out). tPT defines 
the time required 
for 


the first data to travel 
from 
input 
to the output 
of a previously 
empty device. 
When SI is brought 
LOW and the FIFO is not full. 


IR will go HIGH. indicating 
more room is available. 
Ifthe memory 
is full. IR will remain LOW. 


presence 
of valid 
data. 
When 
the 
OR is HIGH. 
data 
may 
be 
shifted 
out by bringing 
the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained 
while 
the SO is HIGH. 
When SO is brought 
LOW the upstream 
data. 


provided 
that there is valid upstream 
data. is shifted 
to the output 


stage. 
When 
new valid data 
is shifted 
to the output 
stage. 
OR 
goes 
HIGH. 
If the 
FIFO 
is emptied. 
OR stays 
LOW 
and 
Data 
output 
will not be valid. 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be used 
as status 


signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 
stays LOW for at least tpT) or completely 
empty 
(Output 
Ready 
stays LOW for at least tPT). 


Data Output 


Data is read from 
the Ox outputs. 
When 
data is shifted 
to the 


output 
stage. 
Output 
Ready 
(OR) 
goes 
HIGH. 
indicating 
the 


AC Test and High-SPeed 
App. Notes 


Since the FIFO is a very-high-speed 
device. 
care must be exer- 
cised in the design 
ofthe 
hardware 
and the timing 
utilized 
within 


the design. 
The internal 
shift rate of the FIFO typically 
exceeds 
60 MHz in operation. 
Device grounding 
and decoupling 
is cru- 
cial to correct 
operation 
as the FIFO will respond 
to very small 
glitches 
due to long 
reflective 
lines. 
high 
capacitances 
and/or 


poor 
supply 
decoupling 
and grounding. 
Monolithic 
Memories 


recommends 
a monolithic 
ceramic 
capacitor 
of 0.1 /IF directly 


between 
VCC and GND with very short 
lead length. 
In addition. 


care must be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function 
is associated with both the Shift-In-Input 
Ready 


combination, as well as the Shift-aut-Output 
Ready combina- 


tion. timing measurements may be misleading, i.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a)too high a frequency, or (b) 
FIFO being full or effected by Master Reset,the Shift-In activity 


will be ignored. This will affect the device from a funcitonal 
standpoint, 
and will 
also cause the 
"effective" 
timing 
of 
Input Data Hold time (TIDH) and the next activity of Input Ready 
(TIRLl to be extended relative to Shift-ingoing HIGH. Thissame 
type of problem is also related to TIRH. TORL and TORH as 
related to Shift-Out. Data outputs driving a bus should be limited 
to 10 MHz frequency. 
For high-speed applications, 
proper 


grounding technique isessential. 


~~/_- 
\~-- 


1_-_~_3__ 
\__ t-==_3_-~_~-- _ 


INPUT 
DATA 
_.-STABLEDATA- 
_ 


CD 
Input Ready HIGH indicates 
space is available and a Shift-In pulse may beapplied. 
CD 
Input Data is loaded into the first word. The Data from the first word is released for "fall-through" to second word. 
CD 
Input Ready goes LOW indicating the first word is full. 
o Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 


5. If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


Note: 
Shift-In pulses applied while Input Ready is LOWwill be ignored (See Figure 5). 


SHIFT OUT--1' 


SHIFT IN-.! 


\ 
r_r 
_ 
)J 


INPUT READY _G\_l ~~:..I.'''_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_IP_T 
__- -_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_;=::-l..----..IPH-\~ 
_ 


INPUT DATA 
_~ 
S_T_A_B_L_E_D_A_T_A_-_-_-_-_-_-_-~"~ 


CD 
FIFO is initially full. 


CD 
Shift Out pulse is applied. An empty location starts "bubbling" 
to the front. 


eD 
Shift In is held HIGH 


CD 
As soon as Input Ready becomes 
HIGH the Input Data is loaded 
into the first word. 


I/IOUT 


SHIFT OUT 
-'SOH 


OUTPUT READY 
I 


.•.. ·ORL 


OUTPUT DATA 
I 
A-DATA 
B-DATA 


~ 


Figure 5. Output Timing 


CD The diagram 
assumes that at this time, words 63. 62 and 61 are loaded with A, Band C Data, respectively. 


CD Output data changes on the falling edge of SO after a valid Shift-Out 
Sequence, 
i.e. OR and SO are both high together. 


I 
I 


~ 


Figure 6. Typical 
Waveforms 
for 35 MHz Shift-Out 
Data Rate (67413A) 


CD 
Thediagram 
assumes that at this time words 63, 62and 61 are loaded with A, Band C Data, respectively. 


CD 
Data in the first crosshatched 
region may be A or B Data. 


____________ 
A_._DA_T_A 
~ 
--~!----- 


CD 
Output Ready HIGH 
indicates that data is available and a Shift-Out 
pulse may be applied. 


CD 
Shift-Out 
goes HIGH causing 
the contents 
of word 62 (B-Data) 
to be released for fall-through 
to word 
63. 


Output data remains as valid A-Data while Shift-Out 
is HIGH. 


CD 
Output 
Ready goes LOW. 
o 
Shift-out 
goes LOW causing 
Output 
Ready to go HIGH and new data (B) to appear at the data outputs. 


CD 
If the FIFO has only one word loaded (A-Data) 
then Output Ready stays LOW and the output data becomes invalid. 


IPT--------------{- 
4 
1-IOPH-1'- 


0y 


\i) 
CD 


=======~~~~~-_-_-_-_-_-_-_~X_-_-_-_-_-_-_-_-_-A~-D~A~T_A~-_~-_-_-_-_-_-_-_-_-_-_-_ 


fT/77/ / / / / / / / / /777TiTiTt7i7i 
///////////////////////!.L!.L// 


CD 
Word 63 is empty. 


CD 
Output Ready goes HIGH 
indicating 
arrival aftha new data. 


CD 
New data (A) arrives at the outputs 
(word 63). 


@ 
Since Shift Out is held HIGH, 
Output Ready goes immediately 
LOW., 


CD 
As soon as Shift Out goes LOWthe 
Output 
Oats is subject to change. 
Output 
Ready will go HIGH 
or LOW depending 
on whether 
there are any additional 
upstream 


words in the FIFO. 


~,."" 
_. 
.... 1 


DATAOUTPUTS 
hnnn. 
-M~--- 


~ 


tSOH--- 
_;5 


ALMOST FULL/EMPTY? 
1 
~~---+I 


Figure 11. tAEH, tAEL Specifications 


CD 
FIFO contains 
9 words 
(one more than almost empty). 
t: 


SIH 
~J 


ALMOST FULL/EMPTY 
jD 
J~------"":1---------6J-------~ 
-- 
.....•_'- 
tAFH ==-=:J 
t 
~---- 


SHIFT 
OUT ---------------------J 
SOH 
_ 


tAFL 


SHIFT 
IN 
P 
HALF FULL 
? 


~ 


r-IHFH==i 
p 
SHIFT 
OUT 
. 
IHFL 
---~ 


HF 
AFIE 
IR 
SO 
SI 
OR 
DO 
00 
01 
01 
02 
02 
03 
03 
04 Mii 
04 


COMPOSITE 
INPUT 
READY 


HF~ 


IR 


SI 
DO 
01 
02 
03 


04 
Mii 


COMPOSITE 
OUTPUT 
READY 


HFOE AFIE 
IR 
SO 
SI 
OR 
DO 
00 
01 
01 
02 
02 
03 
03 
04 
Mii 
04 


8-BITS 
8·BITS 
PAPER 
67413A 
CPU 
TAPE 
64.8 
READER 
SI 
SO 
10 ROY 


ENBLSI 
IR 
OR 


ALMOST 
FULL! 
INTERRUPT 
EMPTY 
)... 


S1 


(SEE 
NOTE 
B) 


OUTPUT 
CONTROL 


(LOW-LEVEL 
ENABLING) 


Notes: A. All diodes are 1N916 or 1N3064. 


B. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 


Waveform 
2 is for an output 
with 
internal 
conditions 
such that the 
output is high except when disabled by the output control. 


C. In the examples 
above, the phase relationships 
between 
inputs 


and outputs 
have been chosen 
arbitrarily. 


D. When measuring propagation delay times of three-slate outputs. 
switches 
81 and 82 are closed. 


First-In First-Out (FIFO) 
64x4 
64x5 Memory 


35 MHz (Standalone) 


67411A 
67412A 


• High-speed 3S-MHz shlft-In/shift-out 
rates 


• Choice of 4-blt or S-b!t data width 


• TTL inputs and outputs 


• Readily expandable In word width 


• Structured pinouts. Output pins directly opposite 


corresponding Input pins 


• Asynchronous operation 


• Pin-compatible with Fairchild's F3341 MOS FIFO and 


many times faster 


Description 


The 67411/2A are "fall-through" 
high-speed First-In First-Out 
(FIFO) memory organized 64 words by 4 bits and 64 words by 5 
bits respectively. The FIFO isexpandable in word width only. It is 


INPUT 
READY 
SHIFT 
IN 


67411A 
64x4 


PART 
PKG 
TEMP 
DESCRIPTION 
NUMBER 


67411A 
J 
Com 
35 MHz 64x4 FIFO 


67412A 
J 
Com 
35 MHz 64x5 FIFO 


the fastest FIFO available on the market. The FIFO is attractive 
for many applications such as disk controllers, communication 
buffers, rate buffers, etc. 


INPUT 
READY 
SHIFT 


IN 


67412A 
64xS 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970·9700 
TWX: 910-338-2374 Monollthlem 
MemorIes 
8·77 


Absolute 
Maximum 
Ratings 


~nU:~I~~~~~a;e.~~.~.: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: : : :: : : : : :: : :: : : : : : : : : : : : : : : : : : : =~;~:~~~ 
Off-state output voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . .. 
-.5 V to 5.5 V 


Storage temperature 
.......................•.......................................................... 
-65 


0 C to +150 
0 C 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
I' 
0 
75 
°c 


tSIHt 
Shift in HIGH time 
1 
9 
ns 


tlDS 
Input data set up 
1 
2 
. 
ns 


tlDH 
Input data hold time 
1 
14 


- 
ns 
, 


tSOHt 
Shift Out HIGH time 
5 
11 
ns 


tMRW 
Master Reset pulse t 
10 
30 
ns 


tMRS 
Master Reset to SI' 
10 
. 
35 
ns 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 


DC 
tt30 
fiN 
Shift In rate 
1 
MHz 


DC 
ttt35 


tlRLt 
Shift In t to Input Ready LOW 
1 
12 
18 
ns 


tlRHt 
Shift In I to Input Ready HIGH 


1 
1 
I 
14 
20 
ns 


DC 
tt30 
fOUT 
Shift Out rate 
5 
MHz 
DC 
ttt35 


tORLt 
Shift Out t to Output Ready LOW 
5 
12 
18 
ns 


tORHt 
Shift Out I to Output Ready HIGH 
5 
14 
20 
ns 


tODHt 
Output Data Hold (previous word) 
5 
9 
ns 


tODS 
Output Data Shift (next word) 
5 
31 
ns 


tpT 
Data throughput or "fall through" 
4,8 
510 
650 
ns 


tMRORL 
Master Reset j to Output Ready LOW 
10 
18 
28 
ns 


tMRIRH 
Master Reset t to Input Ready HIGH' 


", 
10 
21 
35 
ns 


tMRIRL 
Master Reset j Input Ready LOW' 
10 
18 
28 
ns 


tMRO 
Master Reset j to Outputs LOW 
10 
32 
45 
ns 


Note: Typical at S v VCC and 2S"C TAk 


• 
If the FIFO is not full (IR High). MR low forces IR low returning high when MR goes high. 
t See AC test and high-speed application 
note. 


tt 
Tested. 


ttt 
Guaranteed 
by design (see test load). 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MINTYPMAX 
UNIT 


VIL 
Low-level input voltage 
08t 
V 


VIH 
High-level input voltage 
2t 
V 


Vie 
Input clamp voltage 
Vee: 
MIN 
II 
: -18 mA 
-1.5 
V 


IlL 
Low-level input current 
Vee: 
MAX 
VI : 0.45 V 
-50 
p.A 


IIH 
High-level input current 
Vee: 
MAX 
VI: 
2.4 V 
50 
p.A 


II 
Maximum input current 
Vee: 
MAX 
VI: 
5.5 V 
1 
mA 


10L (Data Outputs) 
67411/2A: 
24 mA 


VOL 
Low-level output voltage 
Vee: 
MIN 
0.5 
V 
10L (IR, OR) 
67411/2A: 
8 mA tt 


VOH 
High-level output voltage 
Vee: 
MIN 
10H (Data Out) 
1-3.0 mA 
2.4 
V 
67411/2A I 
10H (IR,OR) 
-0.9 mA 


10S 
Output short-circuit current* 
Vee: 
MAX 
Va: 
OV 
-20 
-90 
mA 


Ice 
Supply current 
Vee: 
MAX. Inputs low, outputs open (6741112A) 
**240 
mA 


* 
Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


See curve for Ice \IS. temp. 


t 
These are absolute voltages with respect to GNO (Pin 8 or 9) and includes all overshoots due to test equipment. 


tt 
Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 


Functional 
Description 
Data Input 


After power up the Master Resetispulsed low (Fig. 10)to prepare 
the FIFOto accept data in the first location. Master reset must be 
applied prior to use to ensure proper operation. When Input 
Ready (IR) is HIGH the first location is ready to accept data from 
the Dx inputs. Datathen present at the data inputs isentered into 
the first location when the Shift-In (SI) is brought HIGH. A SI 
HIGH signal causes the IRto go Law. Once data isentered into 
the first cell, the transfer of data from any full cell to the adjacent 
(downstream) empty cell is automatic, activated by an on-chip 
control. Thus data will stack up at the end of the device while 
empty locations will "bubble" to the front. tPT defines the time 
required for the first data to travel from input to the output of a 
previously empty device. When SI is brought LOW and the FIFa 
is not full, IR will go HIGH, indicating more room is available. If 
the memory is full, IR will remain Law. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW.Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage, 


OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tPT) or completely empty (Output Ready 
stays LOW for at least tpT). 


AC Test and High-Speed 
App. Notes 


Since the FIFO is a very-high-speed 
device, care must be 


exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 60 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or 
poor supply decoupling 
and grounding. 
Monolithic 


Memories recommendsa monolithic ceramic capacitor ofO.1p.F 
directly between Vee and GND with very short lead length. In 
addition, care must be exercised in how the timing is set up and 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, a$ well as the Shift-Out-Output-Ready 
combina- 


tion, timing measurements may be misleading, i.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset,the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the "effective" timing of Input 


SY~ 
COMMERCIAL 


PARAMETER 
FIGURE 
MIN 
TYP 
MAX 
UNIT 


tlPH 
Input 
ready pulse 
HIGH 
4 
5 
12 
ns 


tOPH 
Output 
ready pulse 
HIGH 
8 
5 
12 
ns 


tORD 
Ouput 
ready' 
to Data Valid 
5 
18 
ns 


IOL 
R1 
R2 


24mA 
200 II 
300 II 


8mA 
600 II 
1200 II 


Input Pulse Amplitude 
= 3 V 


Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements 
made at 1.5 V 


Typical Ice va Temperature 


(VCC+MAX) 


-, 
I 
I 
I 
I 


I 


! 


I 
"" 
'" 


I 
I 
67411/2A (VCC = 5.25 ~ 


! 


I 
I 
I 


-551 
I 


Design 
Test Load 
(35 MHz) 


200 


ICC(mA) 


160 


-75 
-so 
-25 
0 
25 
so 
75 
100 
125 


CASE TEMPERATURE 
(OC) 


LJQ\Q IIVtU 
lit II'=' \ IIUHJ 
eUlU LII~ II~XL cl(;UVIlYor mput 
Heaoy 
(TIRLl 
to be extended 
relative to shift-in 
going 
HIGH. Thissame 


type 
of situation 
occurs 
with 
TORl 
and 
TORH 
as related 
to 


::snm-uut. 
uata 
outputs 
driving 
a bus should 
be limited 
to 10 


MHz frequency. 
For high-speed 
applications, 
propergrounding 


technique 
is essential. 


-4-- 
2 ns 
o 


~~/_- 
\ 


1==--==.,<~3 __ 
\~_t~ 
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INPUT 
DATA 
_-STABLEDATA-_ 
••.. 
-------- 


CD 
Input heady HIGH indicates 
space is available and a Shift-In 
pulse may be applied. 
CD 
Input Data is loaded into the first word. The Data from the first word is released for ''fall-through'' 
to second word. 


CD 
Input Ready goes LOW indicating 
the first word is full. 


eD 
Shift-In 
going LOWallows 
Input Readytosensethestatus 
offirst 
word. Thefirst 
word is now empty as indicated 
by Input Ready HIGH. 


CD 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: 
Shift-In 
pulses applied 
while Input Ready is LOWwill 
be ignored 
(see Figure 5). 


SHIFT 
OUT --1 


SHIFT 
IN -.! 


\ 
--tr,..r 
_ 
J) 


INPUT 
READY 
_G\_l __ 
.~.I-_=-_=-_=-_=-_=-_=-_=-_=-_=-_=-_=-_IP_T 
__- -_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_S,=·=:-I.-IIPH-\ 
_ 


INPUT 
DATA 
__ 
••_-_-_-_-_-_-_-_S_T_A_B_L_E_D_A_T_A 
__--_-_-_-_-_-~-~ 


CD 
FIFO is initially full. 


eD 
Shift Out pulse is applied. An empty location starts "bubbling" 
to the front. 


CD 
Shift In is held HIGH 


CD 
As soon as Input Ready becomes 
HIGH the Input Data is loaded 
into the first word. 


I 
I 


~ 


Figure 5. Output Timing 


CD 
The diagram 
assumes that at this time. words 63. 62 and 61 are loaded with A. Band C Data. respectively. 
ill Output data changes on the falling edge of SO after a valid Shift-Out 
Sequence, 
i.e. OR and SO are both high together. 


I 
I 


~ 


CD 
The diagram 
assumes thatat 
this time words 63, 62and 61 are loaded with A. Band C Data, respectively. 


CD 
Data in the tirstcrosshatched 
region may be Aor B Data. 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


CD 
Output 
Ready HIGH 
indicates 
that data is available 
and a Shift-Out 
pulse may be applied. 


CD 
Shift-Out 
goes HIGH causing 
the contents 
of word 
62 (B-Data) 
to be released for fall-through 
to word 63. 


Output 
data remains 
as valid A-Data 
while Shift-Out 
is HIGH. 


Shift-out 
gars LOW causing 
Output 
Ready to go HIGH and new data (8) to appear at the data outputs. 


If the FIFO hrS only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT 
IN --,3 
\ 


SHIFT 
OUT 


L' 
I· 


tPT 


OUTPUT 
READY 


CD 
FIFO initial yempty. 


CD 
Shift Out held HIGH 


0y 


'tD 
(}) 
~~~~~~~~_-_-_-_-_-_-_-_-_-_ 
-_-~X----A---DA-T-A-------_ 


1T17711111111111111 
i7iTtTt 
II 


///////////////////////!.LtL/1 


CD 
Word 63 is empty. 


CD 
Output Ready goes HIGH indicating arrival of the new data. 


CD 
New data (A) arrives at the outputs (word 63). 


CD 
SInce Shift Out is held HIGH, Output Ready goes immediately 
LOW. 
® 
As soon as Shift Out goes LOWthe Output Data is subject to change. Output Ready will go HIGH or LOW depending 
on whether there are any additional 
upstream 


words in t 
FIFO. 


~••,o,,- 
••"---1------- 


DATA OUTPUTS 
h 
-M~-- 


CD 
FIFO initially partially full. 


Serializing First-In-First-Out 
(FIFO) 64x8/9 
Memory 
67417 


Features/ 
Benefits 


• High-speed 28-MHz serial shift-In/shift-out 
rate 


• 10-MHz parallel shlft-in/shift-out 
rate 


• Three-state outputs with Hi-current drive 


• Cascadable at parallel port only 


• Hall-lull Ilag (32 or more) 


• Selectable 64x8 or 64x9 FIFO configuration 
thus providing 


''frame mark bit" 


Typical 
Applications 


: ~: 
::~I:~;atlon 


• Office automation 


• Mlcrocomruters 


• Minicomputers 


• Disk/tape controllers 


Description 


The 67417isa serializing/deserializing FIFO. This FIFO, thelirst 
one of its type in the industry, is organized 64 words x 8/9 bits 
wide. Like traditional Monolithic Memories' FIFOs it is cascada- 
ble, but only at the parallel port. 


PDIR 
1 


PS 


SID 
PR 


sls 
4 
P8 


P7 


YfL 
67417 


SOD 


P3 


PART 
PACKAGE 
TEMPERATURE 
DESCRIPTION 
NUMBER 


67417 
J 
Com 
64x8/9 


In addition, the device has the ability to connect directly to a 
system bus.These features make ita complete "sub-system on a 
chip." 


The FIFO basically has three modes of operation; 


1. serial in to parallel out 


2. Parallel in to serial out 


3. Serial in to serial out (requires non-standard logic level 


on PDtR). 


Inthe first mode, serial data can be accepted at up to 28 MHz and 
the FIFO outputs parallel data at up to 10 MHz. Similarly, in the 
alternate mode parallel data can be transformed into serial data. 
Please refer to appendix for detailed description. 


PO-P8 
Parallel Data 


PS 
Parallel Shift In/Out 


PR 
Parallel Input/Output 
Ready 


POE 
Parallel Output Enable 


SID 
Serial Input Data 


SIS 
Serial Input Shift 


SIR 
Serial Input Ready 


SOD 
Serial Output Data 


SOS 
Serial Output Shift 


SOR 
Serial Output Ready 


PDIR 
Parallel Port Direction 


WL 
Word Length 


MR 
Master Reset 


HF 
Half Full Flag 


VCC 
VCC 


GND 
Ground 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 Monolithic ~Trn 
Memories 
InJnJJ 
8-85 


SERIAL INPUT SHIFT (SIS) 
- 
SERIAL INPUT READY (SIR) 
SERIAL INPUT DATA (SID) 
_ 


-- 
PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 


HALF FULL FLAG (HF) 
__ 
PARALLEL DIRECTION 
(PDIR) 


MASTER RESET (MR) 
WORD LENGTH 
(WL) 
PARALLEL 
OUTPUT ENABLE 
(POE) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) 
SERIAL OUTPUT READ (SOR) 


lIIIonoilthlc W Memories 


Absolute 
Maximum 
Ratings 


Supply voltage VCC ............................•..•.......................•...............•............... 
-0.5 V to 7 V 
Input voltage 
...............................•.....•....................•............•..................... 
-1.5 V to 7 V 
Off-state output voltage ..........•..•........•..............................•...........•................ 
-0.5 V to 5.5 V 
Storage temperature 
....................................................•..•..•....................... 
-65° to +150°C 


I 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 


UNIT 
MIN 
TYP 
MAX 


VCC 
Voltage 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
0 
75 
°c 


SERIAL 
INPUT 
PARAMETERS 


fSIN 
Max. Serial Shift-In Rate 
1 
28 
MHz 


tSISH 
Serial Shift-In HIGH time 
1 
23 
ns 


tSISL 
I Serial Shift-In LOW time 
1 
12 
ns 


tSIDS 
Serial Input Data Setup time 
1 
14 
ns 


tSIDH 
Serial Input Data Hold time 
1 
0 
ns 


tSIRHS 
Recovery Time Serial Input Ready t to 
1 
0 
ns 
Serial Input Shift f 


II 
SERIAL 
OUTPUT 
PARAMETERS 


fSOUT 
Max. Serial Shift-Out Rate 
1 
28 
MHz 


tSOSH 
Serial Shift-Out 
HIGH time 
3 
15 
ns 


tSOSL 
Serial Shift-Out 
LOW time 
3 
15 
ns 


tORHS 
Recovery time Serial Output Ready 1 
3 
5 
ns 
to Serial Output Shift t 


WORD 
LENGTH 
PARAMETERS 


tSWL 
Setup SIS, SOS 
1,3 
18 
ns 


tHWL 
Hold SIS. SOS 
1,3 
3 
ns 


PARALLEL 
PORT 
PARAMETERS 


fp 
Parallel shift-in/shift-out 
rate 
8 
10 
MHz 


tpSH 
Parallel Shift-In/Out 
HIGH time 
5/8 
30 
ns 


tpSL 
Parallel Shift-In/Out 
LOW time 
5/8 
30 
ns 


tplDS 
Parallel Input Data Setup time 
5 
-5 
ns 


tplDH 
Parallel Input Data hold time 
5 
35 
ns 


tpDIRSL 
Shift LOW to parallel direction transition 
14 
50 
ns 


tpDIRSH 
Parallel direction transition to Shift HIGH 
14 
50 
ns 


tpRHS 
Parallel Ready t to Parallel Shift Low 
10/11 
30 
ns 


MASTER 
RESET 
PARAMETER 


tMRW 
Master Reset LOW time 
12/13 
40 
ns 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 


SERIAL INPUT PARAMETERS 


tSIRL 
Serial Input Shift t to Serial Input Ready LOW 
2 
23 
ns 


tSIHFH 
Serial Input Shift t to Half-Full 
Flag HIGH 
7 
1.3 
/lS 


SERIAL OUTPUT PARAMETERS 


tSORL 
Serial Output Shift t to Serial Output Ready LOW 
4 
23 
ns 


tSOD 
Serial Output Shift t to Serial Output data 
3 
23 
ns 


tODRH 
Serial Output Data valid to Serial Output Ready HIGH 
3 
0 
25 
ns 


tSOHFL 
Serial Output Shift! 
to Half-Full LOW 
7 
1.3 
/lS 


PARALLEL INPUT/OUTPUT 
PARAMETERS 


tpSPRL 
Parallel Shift t to Parallel Ready LOW 
5/8 
65 
ns 


tpSPRH 
Parallel Shift j to Parallel Ready HIGH 
5/8/10 
80 
ns 


tpSHFH 
Parallel Shift-In 
j to Half-Full HIGH 
6 
1.3 
/lS 


tpSHFL 
Parallel Shift-Out 
j to Half-Full LOW 
9 
1.3 
/lS 


PARALLEL OUTPUT PARAMETERS 


tpODH 
Minimum Parallel Shift j to Ouput data 
8 
20 
ns 


tpOD 
Maximum Parallel Shift j to Output data 
8 
60 
ns 


tpODV 
Minimum Output data valid to parallel ready HIGH 
8 
0 
15 
ns 


OTHER PARAMETERS 


tpT 
Fall-through 
time 
10/11/16/17 
2.6 
/lS 


tlPH 
Parallel Input Ready pulse HIGH 
11 
30 
ns 


tOPH 
Parallel Output Ready pulse HIGH 
10 
30 
ns 


tMRO 
Master Reset j to Data Out LOW 
12 
65 
ns 


tMRSIRL 
Master Reset j to Serial Input Ready LOW 
12 
40 
ns 


tMRSIRH 
Master Reset t to Serial Input Ready HIGH 
12 
40 
ns 


tMRPRL 
Master Reset I to Parallel Ready LOW 
12/13 
40 
ns 


tMRPRH 
Master Reset! to Parallel Ready HIGH 
13 
30 
ns 


tMRSORL 
Master Reset j to Serial Output Ready LOW 
13 
40 
ns 


tMRHFL 
Master Reset j to Half-Full LOW 
12/13 
60 
ns 


tpDIROR 
Parallel Direction change to new Output Ready 
14 
60 
ns 


tpDIROD 
Parallel Direction change to Output data valid 
14 
60 
ns 


tpDIRPZ 
Parallel Direction change to Parallel Output data Hi-Z 
14 
35 
ns 


tpDIRSZ 
Parallel Direction changes to Serial Output-data Hi-Z 
14 
80 
ns 


tpzx 
Output enable time POE to PO-8 
15 
30 
ns 


tpxz 
Output disable time POE to PO-8 
15 
. 
35 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
COM 
UNIT 
MIN TYP MAX 


VIL 
Low-level input voltage 
0.8t 
V 


VIH 
High-level input voltage 
2t 
V 


Vie 
Input clamp voltage 
Vee = MIN 
'I = -18 mA 
-1.5 
V 


'lL 
Low-level input current 
Vee = MAX 
VI = 0.4 V 
-0.4 
mA 


I'H 
High-level input current 
Vee = MAX 
VI = 2.4 V 
0.1 
mA 


'I 
Maximum input current 
Vee = MAX 
V, = 5.5 V 
0.4 
mA 


0-80oe 
0.58 


Data Outputs 
'OL=24mA 
25°C 
0.55 
VOL 
Low-level output voltage 
Vee = MIN 
PO-P8,SOD 
V 


'OL =16 mA 0-80oe 
0.5 


All other outputs 
'OL =8 mA 
0.5 


VOH 
High-level output voltage 
Vee = MIN 
'OH = -3 mA 
2.4 
V 


10S 
Output short-circuit 
current· 
Vee 
= MAX 
Vo = 0 V 
-20 
-90 
mA 


'LZ 
Off-state 
I 
SOD 
Vo = 0.4 V 
-100 
p.A 


1HZ 
output cu rrent· 
POto P8 
Vee 
= MAX 
VO=2.4V 
100 
mA 


Ice 
Supply current 
Vee = MAX 
350 
mA 


°v 
PDIR non-standard 
Serial-In, Serial-Out 
16 
V 
over voltage 
10 


* Not more than one output 
should 
be shorted 
at a time and duration 
of the short circuit 
should 
not exceed one second. 
t This is an absolute 
voltage 
with respect 
to device 
GND (pin 12) and includes 
all overshoots 
due to test equipment. 


TEST 
S= OPEN 
S = CLOSED 
OUTPUT WAVEFORM-MEAS-LEVEL 


VOH~ 
AlltpD 
All tpD 
1.5V 
vOL 


VOH~2.8V 


IpXZ 
IpHZ 
IpLZ 
0.5V 


VOL0.5v 
_ 
O.OV 
+ 


2.8V~VOH 


IpZX 
IPZH 
IPZL 
1.5V 
0.0v 
VOL 


+ 5.0Is 


CL 


50pF I 


Jl 
o 
_ 


~ 
1.0i 
15z 


SERIAL OUTPUT SHIFT 


(SOS) 
/ 


PARALLEL~~IFT 
OUT ---I 
PS(O) 
\~-~/ 
\_- 


eD FIFO is full. 


<D Shift-out 
(serial or parallel) is asserted, SIR goes High.- 


CD SIS can be asserted tSIRHS after serial input ready changes from low-ta-high. 


SERIAL INPUT READY 
eD 
_ 


(SIR) 
1. 


_ 
tSIRL~ 
' 


SERIAL INPUT SHIFT 


(SIS) 


eD FIFO is not full. 


eD FIFO is full 


PARALLEIJSERIAL -I 
INPUT SHIFT 
PS(ll/SIS 
\~- 


CD FIFO is empty, output 
ready remains 
Low and shift-out 
cannot 
be applied. 


CD After a word is shifted in, output 
ready goes High and shift-out 
can be applied. 


CD The first serial bit is PO. 


\"---- 


NOTE: 
POIR = High for the mode paraltel-in 
to serial-out. 
Parallel 
ready is an output 
flag from the FIFO indicating 
that a word can be loaded 
into the FIFO. 


CD FIFO is not full and ready for input. 


CD PS (In) is asserted, 
shifting 
in parallel 
data PO-8. 
PA (In) goes Low indicating 
parallel 
port is in use and no longer 
ready. 


PR (In) will remain 
Low as long as PS (In) remains 
High. 


CD PS (In) has gone Low, allowing 
recent word to propagate 
through 
FIFO, PR (In) returns 
High when ready for more input. 


1 
\ 
_ 


----J 
l-tSIHFH-} 
_ 


HALFFULLFLAG 
~ 


(HF) 
~I' 


SERIAL 
~~~~~TSHIFT 
/--B-I-T-O-W 
:"V..---- 
-~~~~~B~~IT~2~~~~~= 


CD When there are 31 words 
in the FIFO, the next shift-in 
on the 32nd word sets the 
half-full 
flag (HF) High indicating 
that there are 32 or more words. 


CD As soon as one word is partially 
shifted 
out, HF goes Low indicating 
there are 
less than 32 words. 


t 
0 
l/fp 
1 
-1-.-=l-~~ 
I 
A·DATA 
I 


I 


\_-- 


NOTE: 
For above conditions 
POIR = Low indicating 
that the direction 
is from serial-in 
to parallel-out. 


Thus parallel ready indicates the output status. 


CD FIFO is not empty and at least one word 
is valid and ready at PO-8 outputs. 


ill PS (Out) is asserted. 
shifting 
out parallel 
data. Data remains 
valid. but: 


PR (Out) goes Low to indicate 
parallel 
port is in use and no longer 
ready. 


PR (Out) will remain Low as long as PS (Out) remains High. 


CD PS (Out) has gone Low, allowing 
data word to be shifted 
out. Next data word appears 
at output 
and 
PR (Out) is asserted 
to indicate 
valid data ready. 


NOTE: 
For POIR = Low the direction 
is serial-in 
to parallel-out. 


CD When a word 
is shifted 
out and the half-full 
flag goes Low, 


31 words or less are in the FIFO. 


._-l-IPS-PR-H----------- 


NOTE: 
POIR = Low indicating 
serial-in to parallel~ut. 


CD FIFO initially empty. 
o PS (Out) held High. 


SERIAL OUTPUT (SHIFT) 
/ 


(SOS) 
-.J 
\-¥-\IPT----- 
'~------ 
. 
IPSPRH 


NOTE: 
PDIR = High (parallel-in 
to serial-out). 


eD FIFO is full. 


CD 
PS (I) held High. 


------ 
MASTER RESET 
(MR) 


~IMRPRL- 


I..... IMRHFL 


DATA OUTPUTS 
~ 


I-IMRO-j 


NOTE: 
PDIR = Low. 


eD PR (0) and HF go Low. 


CD After 
MR goes High. SIR goes High. 


NOTE: 
PDIR = High. 


CD SOR and HF go Low. 


CD Affter 
MR goes High. PR(I) goes High. 


r-'.~'--:r-=tPOI=RSH_=1 
==\ 
= 
r"~l======== 
tPDIROD-1- 


SERIALINPUTSHIFT(515) --.I 


SERIALOUTPUTSHIFT(50S) 
PARALLELSHIFTIN/OUT(PS) 


PARALLELVO READY(PA) 
SERIALINPUTREADY(SIR) 
SERIALOUTPUTREADY(SOR) 


PARALLEL SHIFTJ 
PS(I) 


PARALLEL SHIFT OUTJ 
PS(O) 


Appendix 
Detailed Functional/Description 
for 67417 


The 67417 is a serializing 
FIFO intended 
as a one-chip 
solution 


for data 
buffering 
and serializing/deserializing. 
It can be suc- 


cessfully 
used for interfacing 
parallel-format 
computing 
equip- 


ment to serial-format 
data communications 
and mass-memory 


equipment. 
The 67417 is a word-oriented 
device. 
It is meant to 


function 
with complete 
8- or 9-bit words 
of data. 


SERIAL INPUT SHIFT (SIS) - 
SERIAL INPUT READY (SIR) 
SERIAL INPUT DATA (SID) 


SERIAL OUTPUT 
DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) - 
SERIAL OUTPUT 
READY (SOR) 


Basically 
the major 
internal 
subsystems 
of the 67417 are: 


(i) 
The serial 
input 
port 


(ii) 
The serial output 
port 


(iii) 
The parallel 
port 
(iv) 
The FIFO control 
logic 
and 


(v) 
The cell array 


Serial Port 


The 
two 
serial 
ports 
(input 
and 
output) 
are entirely 
separate 


which 
allows 
a high-speed 
data 
rate of 28 MHz. 
These 
serial 
ports 
do not share data pins, control 
pins, or internal 
circuits. 


However, 
since the serial output 
data is a three-state 
output, 
the 


serial 
data 
ports 
could 
be connected 
together 
in the normal 


serial-parallel 
operation 
mode with separate 
SOR and SIR status 


signals. 


The serial input port interface 
consists 
of the Serial Input Ready 


(SIR) output, 
Serial 
Input Data (SID) input, and the Serial 
Input 


Shift (SIS) clock 
input. Unlike the analogous 
SI and IR signals on 
the 67401/2, 
S IS and SI R do not accomplish 
a "handshake" 
with 
the rest of the logic of the system which 
incorporates 
the 67417; 


rather 
SIR 
is asserted 
whenever 
the 67417 
is still 
capable 
of 
receiving 
at least one more bit. SIS is a positive 
edge-triggered 
input which 
sequences 
the serial input control 
logic. This logic 
in turn controls 
SIR and the 8/9-bit 
Input Staging 
Register 
(ISR). 


The serial 
output 
port interface 
is the dual of the above, with 
a 


Serial 
Output 
Data (SOD) 
output, 
a Serial 
Output 
Shift 
(SOS) 


clock 
input, 
and a Serial 
Output 
Ready 
(SOR) 
status 
output. 


SOR is asserted 
whenever 
at least one more bit is available 
at the 


output. 
SOS is a positive 
edge-triggered 
input which 
sequences 


the 8/9-bit 
Output 
Staging 
Register 
(OSR). Serial Output 
Data is 


automatically 
three-stated 
whenever 
the serial 
output 
port 
is 


This is a fully bidirectional 
port, and it operates 
at a more conser- 


vative 
data 
rate of 
10 MHz. 
The 
input-staging 
register 
(ISR) 


internally 
controls 
the parallel 
input data port bus signals. 
like- 


wise the OSR internally 
controls 
the parallel 
output 
data port. 


The 
ISR data outputs 
drive 
the parallel 
data 
inputs 
to the cell 
array, and the OSR inputs 
are likewise 
driven 
by the final parallel 


data stage of the cell array 


___ 
PARALLEL SHIFT (PS) 


PARALLEL READY (PR) 
HALF FULL FLAG (HF) 
PARALLEL DIRECTION 
(PDIR) 
MASTER RESET (MR) 
WORD LENGTH (WL) 


disabled 
(during 
Master 
Reset) 
and PDIR = Low. 
The parallel 
port is controlled 
by Parallel Shift (PS) input and Parallel 
Direc- 


tion 
Input 
(PDIR). 
Parallel 
Ready 
(PR) is the handshake/status 


output. 
At the Parallel 
Port PS and PR do accomplish 
a hand- 


shake 
with 
the 
outside 
world 
as SI, 
IR, SO 
and 
OR on 
the 


67401/2. 


Modes of Operation 


There 
are three 
modes 
in which 
the 67417 can operate 


(i) 
Parallel-in 
to serial-out 


(ii) 
Serial-in 
to parallel-out 
and 


(iii) 
Serial-in 
to serial-out. 


In the parallel-in 
to serial-out 
mode, 
PDIR = HIGH. Thus Parallel 


Shift (PS) acts as a Shift In (SI) and similarly, 
Parallel Ready (PR) 


as Input Ready (IR). The first bit shifted 
out of the serial port will 


be bit 0 of the parallel 
word 
input. 


Similarly 
for serial-in 
to parallel-out 
mode, 
PDIR 
= LOW, 
and 


Parallel 
Shift 
(PS) acts as a Shift 
Out(SO) 
and 
Parallel 
Ready 


(PR) as Output 
Ready 
(OR). The first 
bit shifted 
into the serial 
port will be bit 0 of the parallel 
word 
output. 


If the direction 
mode for a particular 
application 
of the 67417 is 


not intended 
to change 
during 
system operation, 
the PDIR input 
should 
be strapped 
to a logic 
LOW or HGH. 


In the serial-in 
to serial-out 
mode, 
PDIR = 10 V minimum. 


The 
parallel 
port 
does 
not 
function 
during 
this 
mode 
and 
is 


three-stated. 
The 
direction 
operating 
mode 
should 
not 
be 


changed 
if the FIFO is FULL otherwise 
stored 
data will be lost. 


Cell Array 


The 67417 cell array can function 
either as a 64x8 FI FO (with the 
9th bit padded 
to a zero) 
or as a 64x9 FIFO, according 
to the 


setting 
of the word 
length 
(WL) 
control 
input. 
Like 
the 
PDIR 


control 
input, 
WL can be switched 
at electronic 
speeds 
during 


system 
operations; 
but if the word length 
of a particular67417 
is 


never to change 
during 
system 
operation, 
WL for that part can 


be strapped 
to ground 
or VCC' 


It is a permissible 
67417 mode of operation 
to almost fill the FI FO 


(there 
should 
be at least two empty 
locations) 
with 
WL set to 


8-bit 
operation, 
then switch 
WL to 9-bit operation 
(WL 
= HIGH) 


to load one more word 
plus a frame 
marker 
in the last bit, and 


then 
switch 
PDIR and unload 
the 67417 
in a 9-bit 
mode. 
This 


sequence 
of operations 
has the 
effect 
of providing 
a "frame 


marker 
bit" 
in 
the 
ninth 
bit 
of 
the 
last 
word 
loaded. 
The 


corresponding 
9th 
bits 
will 
have 
been 
zeroed 
by the 
67417 


internal 
logic for all the other words 
in the frame since they were 


loaded 
while 
the 67417 was operating 
as an 8-bit 
device. 


It is, however, 
the 
system 
designer's 
responsibility 
to 
avoid 


changing 
PDIR inputs 
when only part of an 8- or9-bit 
word 
has 


been 
received 
or transmitted. 
In general, 
if such 
a change 


occurs, 
the part in general 
will try to add zero bits to pad out the 


impacted 
word 
to assume 
full length. 


Half-Full Flag 


This status 
output 
indicates 
when 
the 67417 statically 
contains 


32 words 
or more. This 
provides 
an indication 
to send in more 


data if the device 
is operated 
in a mostly-empty 
mode 
or send 


out more data if the 67417 is operated 
in a mostly-full 
mode. 


Cascading 


The 67417 is designed 
to be cascaded 
at the parallel 
port only, 


due to very high data transfer 
rates atthe 
serial ports. Cascading 


two 67417's 
is accomplished 
by connecting 
ParaliellnpuVOut- 
put Ready 
(PR) of each part to control 
the Parallel 
Shift 
In/Out 


(PS) of the other 
part, with 
one FIFO in serial-in 
to parallel-out 


mode, and the other 
FIFO in parallel-in 
to serial-out 
mode. 
The 


combined 
effect 
of this 
is a reversible 
128x8 or 128x9 serial-in 


serial-out 
FIFO. 
The 67417 
can not be cascaded 
at the serial 
ports 
because 
SIR and SOR are not acknowledged 
signals 
but 


rather status signals 
only. 


SIP 
SIP IUNUSED 
FROM SERIAL 
SIS 
SIS 
DATA SOURCE 
PO 
PO 
SIR 
SIR 


POE 
P1 
P1 
POE 
VCC 
P2 
P2 


P3 
P3 


P4 
P4 


{ (SIPO) 
PDlR 
PS 
PS 
PDIR 
(PISO) } 


"STRAPPING" 
"STRAPPING" 


(9-BIT) 
WL 
P6 
P6 
WL 
(9-BIT) 


P7 
P7 


P8 
P8 


UNUSED I 


SOD 
PS 
PS 
SOD 


SOS 
PR 
PR 
SOS lTO SERIAL 


DATA DESTINATION 


SOR 
MR 
MR 
SOR 


HF 
HF 
) TO SYSTEM 


CONTROL 
LOGIC 


Figure 
19. Cascading 
of Two '54175 
for Serial-in 
to Serial-out 
Operation 
as a 128x9 (1152x1) 
FIFO 


MR 
IR2 
OR2 


67402 


Figure 
20. 
An Example 
01 an Expansion 
Scheme 
lor a 64x18 
Parallel-Io-Serlal 
FIFO 


'. 


SERIAL- 
OUTPUT 
DATA 


SERIAL 
OUTPUT 
READY 


SERIAL 
OUTPUT 
SHIFT 


An 18-bit 
data word 
is multiplexed 
into the two 67401/2 
FIFOs. 


Sincethe67417 
FIFO is cascadable 
at the paralleJ port only, two 


67401/2 
FIFOs 
were 
used along 
with 
the 67417 to obtain 
the 
appropriate 
organization. 


PR 
PR 
SOR 
SOR 
PEVEN 
67417 
FIFO 


PS 
SOD 


MR 
SOD 
SOS 


PR 
SOR 
SOR2 


67417 
PODD 
FIFO 


PS 
PS 
SOD 


MR 
SOS 


Figure 
21. 
Another 
Example 
01 an Expansion 
Scheme 
lor a 64x18 Parallel-in 
10 Serial-oul 
FIFO 
Two 67417 FIFOs Are Used to Implemenl 
a 64x18 Parallel-in 
10 Serial-out 
FIFO 


cr 
IPROCESSOR 1- 


PIS01 
SlP02 


I 
MASTER 
I 
I 
UNIT I 


L SLAVE --l 
I 
UNITS I 


NOTES: 
SIPO = Serial-in to Parallel-out 
mode 


PISO = Parallel-in to Serial-out 
mode 


Each 
processor 
unit 
on the 
left 
has its own 
communication 


interiacewhich 
consists 
of a serializing 
FIFO. The serial data link 


can operate 
in either 
direction 
1 or direction 
2 which 
is decided 


by the Decision 
logic. In direction 
1 either of the slave units send 


the data 
to the 
master 
over the serial 
link, with 
its respective 


67417 operating 
in parallel-in 
to serial-out 
mode (PIS01). 
While 


the 67417 for the master unit operates 
in serial-in 
to parallel-out 


mode 
(SIP01). 
The direction 
2 has the FIFOs (67417) operating 


in the 
reverse 
direction 
from 
the 
above 
case. 
Decision 
logic 


determines 
the priority 
of the slave processors 
to use the serial 


link. 


Monolithic W Memories 


First-In First-Out (FIFO) 
64x5 Memory 
15 MHz (Cascadable) 


C67L4033D 


Featuresl 
Benefits 


• High-speed 15 MHz shift-Inlshift-out rates 


• High drive capability 


• Low-power consumption 


• Three-state outputs 


• Fully expandable by word width and depth 


• Half-Full and Almost-Full/Empty status flags 


• Structured pinouts. Output pins directly opposite 


corresponding input pins. 


• Asynchron'lus operation 


• TTL-eompaUbie inputs and outputs 


PART 
PKG 
TEMP 
DESCRIPTION 
NUMBER 


C67L4033D 
N,J 
Com 
15 MHz 
in/out 


Description 


The C67L4033D 
is a high-speed, 
64x5 First-In-First-Out 
(FIFO) 
memory 
which 
operates 
at 15 MHz input/output 
rates. The data 
is loaded 
and emptied 
on a first-in-first-out 
basis. 
It is a three- 


state device with high-drive 
(I0L 
= 24 mAl data outputs. 
These 
devices 
can be expanded 
to any word width 
and depth. 
It has a 
Half-Full 
flag 
(thirty-two 
or more 
words 
full) 
and 
an almost 
fUll/empty 
flag (fifty-six 
or more words 
or eight 
or less words). 
The main application 
of C67L4033D 
is as a rate buffer; 
sourcing 


and absorbing 
data 
at different 
rates. 
Other 
applications 
are 
high-speed 
tape and disk controllers, 
data communications 
sys- 


tems and plotter 
control 
systems. 


OUTPUT 
ENABLE 
i 


1 


vcc 


ALMOST 
FULL! 


EMPTY 


SHIFT OUT 


SHIFT OUT 


OUTPUT 
READY 


Monolithic ~T!'n 
Memories 
LnJn.U 
8-101 


Absolute Maximum Ratings 
~U:~I~~~~~a;e.~?~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
=~:;~~~~~ 


Off-state 
output 
voltage 
...........•...................................................................... 
-0.5 V to 5.5 V 
Storage 
temperature 
-65°C 
to +150°C 


Operating 
Conditions 
Over Temperature 
Range 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 


Vcc 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
70 
°c 


fiN 
Shift 
In rate 
1 


" 
15 
MHz 


tSIH * 
Shift in HIGH time 
1 
24 
ns 


tSIL * 
Shift in LOW time 
1 
15 
ns 
.. 


tlDS 
Input data setup to SI (Shift 
In) 
1 
0 
I 
ns 


tlDH 
Input data hold time from 
SI (Shift 
In) 
1 
26 
ns 


tRIDS 
Input data setup to IR (Input 
Ready) 
4 
0 
"- 
ns 


tRIDH 
Input data hold time from 
IR (Input 
Ready) 
4 
26 
ns 


fOUT 
Shift Out rate 
5 
15 
MHz 


tSOH ** 
Shift Out HIGH 
time 
5 
17 
ns 


tSOL 
Shift Out LOW time 
5 
15 
ns 


tMRW * 
Master 
Reset pulse 
10 
35 


, 


ns 


tMRS ** 
Master 
Reset to SI 
10 
35 
ns 


* See AC test and high-speed application 
note. 
** 
If the FIFO is not full (IA High). 
MA low forces 
IA low, followed 
by IA returning 
high when MA goes high. 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
COMMERCIAL 
UNIT 
MIN 
MAX 


VIL * 
Low-level 
input 
voltage 
0.8 
V 


VIH * 
High-level 
input voltage 
2 
V 


VIC 
Input clamp 
voltage 
VCC= 
MIN 
II 
=-18 
mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC= 
MAX 
VI 
= 0.45 V 
-250 
J.LA 


IIH 
High-level 
input current 
VCC= 
MAX 
VI 
= 2.4 V 
50 
J.LA 


II 
Maximum 
input 
current 
VCC = MAX 
VI 
= 5.5 V 
1 
mA 


Low-level 
Output, 
a 
10L = 24 mA 
0.5 


VOL 
output 
VCC = MIN 
V 
voltage 
IR,OR,HF,AF/E 
10L =8mA 
0.5 


High-level 
Output, 
a 
10H =- 
3 mA 


VOH 
output 
VCC= 
MIN 
2.4 
V 
voltage 
IR,OR,HF,AF/E 
10H = -0.9 
mA 


10S ** 
Output 
short-circuit 
current 
VCC= 
MAX 
Va 
= 0 V 
-20 
-90 
mA 


'OZL 
Va 
= 0.4 V 
-50 


10ZH 
Off-state 
output 
current 
VCC = MAX 
J.LA 
Va 
= 2.4 V 
50 


Ice 
Supply 
current 
Vee= 
MAX 
All inputs 
low. 
120 
mA 
All outputs 
open. 


* These are absolute voltages With respect to GND (Pin 10) and include all overshoots due to system and/or tester noise. 
* * Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


COMMERCIAL 


UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
MAX 


tlRL 
Shift 
In t to Input 
Ready LOW 
1 
40 
ns 


tlRH 
Shift 
In I to Input 
Ready HIGH 
1 
26 
ns 


tORL 
Shift Out t to Output 
Ready LOW 
5 
45 
ns 


tORH 
Shift Out I to Output 
Ready HIGH 
5 
50 
ns 


tODH 
Output 
Data Hold 
(previous 
word) 
5 
12 
ns 


tODS 
Output 
Data Shift (next word) 
5 
40 
ns 


tpT 
Data throughput 
4,8 
1600 
ns 


tMRORL 
Master 
Reset I to Output 
Ready 
LOW 
10 
60 
ns 


tMRIRH * 
Master 
Reset t to Input 
Ready HIGH 
10 
30 
ns 


tMRIRL* 
Master 
Reset I to Input 
Ready LOW 
10 
50 
ns 


tMRO 
Master 
Reset I to Outputs 
LOW 
10 
60 
ns 


tlPH 
Input 
ready pulse 
HIGH 
4 
17 
ns 


to PH 
Output 
ready pulse HIGH 
8 
24 
ns 


tORD 
Output 
ready t to Data Valid 
5 
-3 
ns 


tAEH * 
Shift Out I to AF/E 
HIGH 
11 
320 
, 
ns 


tAEL * 
Shift 
In t to AF/E 
LOW 
11 
1400 
ns 


tAFL * 
Shift Out I to AF/E 
LOW 
12 
1400 
ns 


tAFH * 
Shift 
In t to AF/E 
HIGH 
12 
320 
ns 


tHFH * 
Shift 
In I to HF HIGH 
13 
800 
ns 


tHFL * 
Shift Out t to HF LOW 
13 
800 
ns 


tpHZ* 
30 


* 
Output 
Disable 
Delay 
ns 
tpLZ 
30 


A 


tpZL 
* 
30 


* 
Output 
Enable 
Delay 
ns 
tpZH 
40 


vT: 
1.5 v 


Figure A. Enable and Disable 


Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. 


Waveform 2 is for a data output with internal conditions such that the output 
is high except when disabled by the output control. 


Input 
Pulse Amplitude 
= 3 V 
Input 
Rise and Fall Time 
(10%-90%) 
= 2.5 ns 
Measurements 
made at 1.5 V 


All Diodes 
are 1N916 or 1N3064 


Functional 
Description 


Data Input 


After 
power 
up the Master 
Reset is pulsed 
low (Figure 
10) to 


prepare 
the 
FIFO 
to accept 
data 
in the first 
location. 
Master 
Reset must be applied 
prior 
to use to ensure 
proper 
operation. 


When 
Input 
Ready 
(IR) 
is HIGH 
the first 
location 
is ready 
to 


accept 
data from the Ox inputs. 
Data then present at the the data 


inputs 
is entered 
into the first location 
when 
the Shift-In 
(SI) is 


brought 
HIGH. A SI HIGH signal causes the IR to go LOW. Once 


data is entered 
into the first cell, the transfer 
of data in any full 


cell to the adjacent 
(downstream) 
empty 
cell 
is automatically 


activated 
by an on-ehip 
control. 
Thus 
data will stack 
up at the 


end of the device 
(while 
empty 
locations 
will 
"bubble" 
to the 


front when data is shifted 
out). tPT defines 
the time required 
for 


the first data to travel from 
input 
to the output 
of a previously 


empty 
device. When SI is brought 
LOW and the FIFO is not full, 


IR will go HIGH, indicating 
more room is available. 
If the memory 


is full, IR will remain 
LOW. The FIFO should 
always 
be cleared 


by using 
Master 
Reset before 
starting 
the operation. 


Data Output 


Data is read from 
the Ox outputs. 
When 
data 
is shifted 
to the 


output 
stage, 
Output 
Ready 
(OR) 
goes 
HIGH, 
indicating 
the 


presence 
of valid 
data. 
When 
the 
OR is HIGH, 
data 
may 
be 


shifted 
out by bringing 
the Shift Out (SO) HIGH. A HIGH signal 


at SO causes the OR to go LOW. Valid data is maintained 
while 


the SO is HIGH. 
When SO is brought 
LOW the upstream 
data, 
provided 
that there is valid upstream 
data, is shifted to the output 


stage. When 
new valid data 
is shifted 
to the output 
stage, 
OR 


goes 
HIGH. 
If the 
FIFO 
is emptied, 
OR stays 
LOW 
and 
Data 


output 
will not be valid. 


IOL 
R1 
R2 


24 mA (Data) 
2000 
3000 


8 mA (IR, OR, Flags) 
6000 
12000 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be used 
as status 
signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 


stays LOW for at least tPT) or completely 
empty 
(Output 
Ready 


stays LOW for at least tPT). 


AC Test and High-Speed 
App. Notes 


Since the FIFO is a very-high-speed 
device, 
care must be exer- 
cised in the design 
of the hardware 
and the timing 
utilized 
within 


the design. 
The internal 
shift rate of the FIFO typically 
exceeds 
20 MHz in operation. 
Device grounding 
and decoupling 
is cru- 


cial to correct 
operation 
as the FIFO will respond 
to very small 


glitches 
due to long 
reflective 
lines, 
high 
capacitances 
and/or 
poor supply 
decoupling 
and grounding. 
Monolithic 
Memories 
recommends 
a monolithic 
ceramic 
capacitor 
of 0.1 /iF directly 


between 
VCC and GND with very short 
lead length. 
In addition, 
care must be exercised 
in how the timing 
is set up and how the 


parameters 
are measured. 
For example, 
since 
an AND 
gate 


function 
is associated 
with 
both the Shift-in-Input 
Ready com- 


bination, 
as well as the Shift-Out-Output 
Ready 
combination, 


timing 
measurements 
may be misleading, 
i.e., rising edge of the 
Shift-In 
pulse 
is not 
recognized 
until 
Input 
ready 
is HIGH. 
If 


Input Ready 
is not high due to (a) too high a frequency, 
or (b) 


FIFO being full or effected 
by Master 
Reset, the Shift-In 
activity 


will 
be ignored. 
This 
will 
affect 
the device 
from 
a functional 


standpoint, 
and will also cause 
the "effective" 
timing 
of Input 


Data 
Hold 
time 
(TIDH) 
and 
the 
next 
activity 
of 
Input 
Ready 
(TIRLl to be extended 
relative to Shift-in 
going 
HIGH. This same 


type of problem 
is also 
related 
to TIRH, 
TORL 
and TORH 
as 


related 
to 
Shift-Out. 
For 
high-speed 
applications, 
proper 
grounding 
technique 
is essential. 


~tIRL- 


66.60'----"1 


I 


"--0 
ns 
CD 


y~~ 
l==--__~ 


\~---\ 1~-3_~ _ 


INPUT 
DATA 
_...-STABLEDATA-- 
_ 


CD Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 


CD Input Data is loaded into the first word. The data from the first word is released for "fall-through" 
to second word. 


eD Input Ready goes LOW indicating 
the first word is full. 


o Shift-In 
going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated 
by Input Ready Hh,jH. 


SHIFT OUT 
~ 


SHIFT 
IN ~ 


CD FIFO is initially full. 


CD Shift Out pulse is applied. 
An empty 
location 
starts "bubbling" 
to the front. 


(j) Shift In is held HIGH. 


CD The diagram 
assumes that at this time, words 64, 63 and 62 are loaded with A, Band 
C Data. respectively. 


CD Output 
data changes 
on the falling 
edge of SO after a valid Shift-Out 
Sequence, 
i.e., OR and SO are both high together. 


CD The diagram 
assumes that at this time words 64,63 
and 62 are loaded with A, Band 
C Data, respectively. 


<D Data in the first crosshatched 
region 
may be A or B Data. 


____________ 
A_.D_A_T_A 
~ 
--~2f---- 


Q) Output 
Ready HIGH indicates 
that data is available 
and a Shift-Out 
puise may be appiied. 


Q) Shift-Out 
goes HIGH causing 
the contents 
of word 63 (B-Data) 
to be reieased 
for fall-through 
to word 64. 
Output 
data remains 
as valid A-Data 
while Shift-Out 
is HIGH. 


Q) Output 
Ready goes LOW. 
eD Shift-out 
goes LOW causing 
Output 
Ready to go HIGH and new data (B) to appear at the data outputs. 


CD If the FIFO has only one word loaded 
(A-Data) 
then Output 
Ready stays LOW and the output 
data becomes 
invalid. 


SHIFTIN~ 
\ 


SHIFTOUT{;) 
------------------------------------------- 


OUTPUTREADY 
/ 
4l~----tPT----~·t 
t 


-~-------------------------------- 
tOPH~1 
.------ 


Q) FIFO initially 
empty. 


Q) Shift-Out 
is held HIGH. 


\~------ 
~ 
yO 
_"::::::-:~-------- 


OUTPUTDATA 
X'- 
A_-D_A_:J:_A 
X~ 
_ 


l!iF//i7i77///7i 
Ii 77//iii i7. 


,711/ I.l! 1111/.11jj 1111/.111/lLtl. 


CD Word 64 is empty. 


<D Output 
Ready goes HIGH indicating 
arrival 
of the new data. 


CD New data (A) arrives at the outputs 
(word 64). 


CD Since Shift Out is held HIGH, 
Output 
Ready goes immediately 
LOW. 


CD As soon as Shift Out goes LOW the Output 
Data is sUbject to change. 
Output 
Ready will go HIGH or LOW depending 
on whether 
there are any additional 
upstream 
words 
in the FIFO. 


~,.~,,- 


DATAOUTPUTS 
Imnn. 
-M'------- 


IMRS -------""1 


~ 


tSOH-- 
~;J 


ALMOST FULL/EMPTY? 
)' 
- 
:==tAEH---+1 


SHIFTIN----E 
ISIH 


ALMOST FULL/EMPTY 
j0 
1 
__ -I~FH===:.j 


SHIFT IN 
P 
HALF FULL 
,CD 


~ 
r-tHFH==4' 
p 
8HIFTOUT 
. 
tHFL 
---~ 


COMPOSIT 
INPUT 
READY 


LE 
- HFOE 
AF/E - 
- 
HFOE 
AF/E - 
- 
HFOE AF/E - 
-IR 
SO 
IR 
SO 
IR 
SO 
SH 
-51 
OR 
51 
OR 
51 
OR 
- DO 
00 
DO 
00 
DO 
00 - 
- 
01 
01 
01 
01 
01 
01 - 
- 02 
02 
02 
02 
02 
02 - 
- 03 
03 
03 
03 
03 
03 - 
- 04 
MR 
04 
04 
MR 
04 
04 
MR 04 - 


Y 
Y 


~~ 
- HFOE 
AF/E - 
- 
HFOE 
AF/E - 
- 
HFOE AF/E - 
IR 
SO 
IR 
SO 
IR 
SO - 
-51 
OR 
51 
OR 
51 
OR 
- 
DO 
00 
DO 
00 
DO 
00 - 
- 
01 
01 
01 
01 
01 
01 - 
- 
02 
02 
02 
02 
02 
02 - 
- 03 
03 
03 
03 
03 
03 - 
- 04 ml 
04 
04 
MR 
04 
04 
MR 
04 - 


Y 
Y 
I 
- HFOE AF/E - 
- 
HFOE AF/E - 
- 
HFOE 
AF/E - 
- 
IR 
SO 
IR 
SO 
IR 
SO - 
IN 
51 
OR 
51 
OR 
51 
OR 
- DO 
00 
DO 
00 
DO 
00 - 
- 01 
01 
01 
01 
01 
01 - 
- 02 
02 
02 
02 
02 
02 - 
- 03 
03 
03 
03 
03 
03 - 
- 
04 
MR 
04 
04 
MR 
04 
04 
MR 
04 - 


Y 
1 
MAST 


COMPOSITE 
OUTPUT 
READY 


H~ 


AF/E 


HF 
AF 
AF/E 
HF 
AF/E 
~ 


AF/E 


HF 
AE 
AF/E 
HF 
AF/E 


Almost Full (AF) is eight words or less to FIFO full. 


Almost Empty (AE) is eight words or less to FIFO empty 


8·BITS 
8·BITS 
PAPER 
C67L4033D 
CPU 
TAPE 
64.8 
READER 
SI 
SO 
10 ROY 


ENBL SI 
IR 
OR 


ALMOST 
FULL! 
INTERRUPT 
EMPTY - 
I 
}- 


Monolithic W Memories 


C67L4013D 
First-In First-Out (FIFO) 
64x4 Memory 
15 MHz (Cascadable) 
With Three-State Outputs 


Features/ 
Benefits 


• High-speed 15-MHz shlft-Inlshlft-out rates 


• Low power consumption 


• TTL Inputs and outputs 


• Readily expandable In word width and depth 


• Structured pinouts. Output pins dlrecUy opposite 
corresponding Input pins 


• High-drlve capability 


• Asynchronous operation 


• Output Enable feature 


Description 


The C67L4013D isa "fall-through" high-speed First-In First-Out 
(FIFO) memory organized 64 words by 4 bits. The FIFO is 
expandable in word width and depth. The FIFO is attractive for 
many applications such as disk controllers, communication 
buffers, rate buffers, etc. The C67L4013D has three-state, high- 
drive (IOL = 24 mAl outputs. 


PART 
PKG 
TEMP 
OIP 
DESCRIPTION 
NUMBER 


C67L4013D 
N,J 
Com 
3-state 
15 MHz 64x4 FIFO 


SHIFT 
OUT 
OUTPUT 
READY 


TWX: 910-338-2376 
Monolithic I!t!n 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970·9700 TWX: 910-338-2374 Memories 
Il1Jn.U 
8-111 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
...............................................•..•.................................... 
-0.5 V to 7 V 
Input voltage 
...............................................•.....•..•.....•.............................. 
-1.5 V to 7 V 
Off-state 
output 
voltage 
............................................•..•.................................. 
-0.5 V to 5.5 V 
Storage 
temperature 
..............................................•..•.....•.....................•... 
-65°C 
to +l50°C 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
tree-air 
temperature 
0 
70 
°c 


tiN 
Sh ift in rate 
1 
15 
MHz 


tSIH 
Shift in High time 
1 
24 
ns 


tSIL 
Shift in Low time 
1 
15 
ns 


tlDS 
Input data setup to SI (Shift 
In) 
1 
0 
ns 


tlDH 
Input data hold time to SI (Shift 
In) 
1 
26 
ns 


tRIOS 
Input data setup to IR (Input 
Ready) 
4 
0 
ns 


tRIDH 
Input data hold time to IR (Input 
Ready) 
4 
26 
ns 


tOUT 
Shift out rate 
5 
15 
MHz 


tSOH 
Shift out High time 
5 
17 
ns 


tSOL 
Shift out Low time 
5 
15 
ns 


tMRW 
Master 
Reset pulse ** 
10 
35 
ns 


tMRS 
Master 
Reset to SI> 
10 
35 
ns 


* If the FIFO is not full (lR High), MR 
low forces IR low, followed by IR returning high when F;,1R goes high. 


* * See AC test and high-speed application 
note. 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
COMMERCIAL 
UNIT 
MIN 
MAX 


VIL 
Low-level 
input voltage 
0.8** 
V 


VIH 
High-level 
input voltage 
2** 
V 


VIC 
Input 
clamp 
voltage 
Vee 
= MIN 
11=-18mA 
-1.5 
V 


IlL 
Low-level 
input current 
Vee 
= MAX 
VI = 0.45 V 
-250 
J.l.A 


IIH 
High-level 
input current 
Vee= 
MAX 
VI = 2.4 V 
50 
J.l.A 


II 
Maximum 
input current 
Vee= 
MAX 
VI = 5.5 V 
1 
mA 


Low-level 
Output, 
0 
10L = 24mA 


0.5 
V 
VOL 
Output 
voltage 
IR,OR 
Vee 
= MIN 
10L = 8mA 


VOH 
High-level 
Output, 
0 
10H = -3.0 mA 
2.4 
Output 
voltage 
VCC = MIN 
V 


IR,OR 
10H = -0.9 mA 


10S 
Output 
short-circuit 
current> 
VCC = MAX 
Vo 
= OV 
-20 
-90 
mA 


10ZL 
Vo 
= 0.4 V 
-50 


10ZH 
Off-state 
output 
current 
Vee 
= MAX 
J.l.A 
Vo 
= 2.4 V 
+50 


Ice 
Supply 
current 
Vee 
= MAX 
110 
mA 
All inputs 
low. All outputs 
open. 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
MAX 


tlRLt 
Shift 
In t to Input 
Ready 
LOW 
40 
ns 


1 


tlRHt 
Shift 
In I to Input 
Ready HIGH 
26 
ns 


tORLt 
Shift Out I to Output 
Ready 
LOW 
45 
ns 


tORHt 
Shift Out I to Output 
Ready 
HIGH 
50 
ns 
5 
tODHt 
Output 
Data Hold 
(previous 
word) 
12 
ns 


tODS 
Output 
Data Shift 
(next word) 
40 
ns 


tPT 
Data throughput 
4,8 
1600 
ns 


tMRORL 
Master 
Reset I to Output 
Ready LOW 
60 
ns 


tMRIRH 
Master 
Reset 
t to Input 
Ready HIGH* 
30 
ns 


Master 
Reset I to Input 
Ready LOW* 
10 
tMRIRL 
50 
ns 


tMRO 
Master 
Reset I to Outputs 
LOW 
60 
ns 


tlPH 
Input 
ready 
pulse HIGH 
4 
17 
ns 


tOPH 
Output 
ready pulse 
HIGH 
8 
24 
ns 


tORD 
Output 
ready 
t to Data Valid 
5 
-3 
ns 


tpHZ 
30 
Output 
Disable 
Delay, 
C67L4013D 
ns 
tPLZ 
30 
A 
tPZL 
30 
Output 
Enable 
Delay, 
C67L4013D 
ns 
tPZH 
40 


Note: Typicals at SV VCC and 25° eTA 
* If the FIFO is not full (IR High), MR low forces IR tow, followed by IA returning high when MR goes high. 
t See AC test and high-speed application 
note. 


I 


Sl CLOSED 
S2 OPEN 


..--tpZH 


Figure A. Enable and Disable 


Waveform' 
is for an output with internal conditions such that the output is low 
except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high 
except when disabled by the output control. 


Input 
Pulse Amplitude 
= 3 V 
Input 
Rise and Fall Time 
(10%-90%) 
= 2.5 ns 
Measurements 
made at 1.5 V 
All Diodes 
are 1N916 or 1N3064 


Functional 
Description 


Data Input 


After 
power 
up the Master 
Reset is pulsed 
low 
(Figure 
10) to 
prepare the FIFO to accept 
data in the first location. 
Master reset 
must be applied 
prior 
to use to ensure 
proper 
operation. 
When 
Input Ready (IR) is HIGH the first location 
is ready to accept data 
from the Ox inputs. Data then present at the data inputs is entered 
into the first 
location 
when 
the Shift-In 
(SI) is brought 
HIGH. 
An SI HIGH signal causes the IR to go LOW. Once data is entered 
into the first 
cell, the transfer 
of data from 
any full 
cell to the 
adjacent 
(downstream) 
empty cell is automatic, 
activated 
by an 
on-ehip 
control. 
Thus data will stack up at the end of the device 


while empty 
locations 
will "bubble" 
to the front. 
tPT defines 
the 
time required 
forthe 
first data to travel from input to the output 
of 


a previously 
empty 
device. 
When 
SI is brought 
LOW 
and the 
FIFO 
is not 
full, 
IR will 
go 
HIGH, 
indicating 
more 
room 
is 


available. 
If the memory 
is full, 
IR will 
remain 
LOW. The FIFO 
should 
always 
be cleared 
by using 
master 
reset. 


Data Output 


Data is read from 
the Ox outputs. 
When 
data 
is shifted 
to the 


output 
stage, 
Output 
Ready 
(OR) 
goes 
HIGH, 
indicating 
the 


presence 
of valid data. When the OR is HIGH, data may be shifted 


out by bringing 
the Shift Out (SO) HIGH. 
A HIGH 
signal 
at SO 


causes the OR to go LOW. Valid data is maintained 
while the SO 


is HIGH. When SO is brought 
LOWthe 
upstream 
data, provided 


the upstream 
stage has valid data, is shifted 
to the output 
stage. 
When 
new 
valid 
data 
is shifted 
to the output 
stage, 
OR goes 
HIGH. If the FIFO isemptied, 
OR stays LOW and Data output 
will 
not be valid. 


IOL 
R1 
R2 


24mA 
2000 
3000 


8mA 
6000 
1200 0 


cL1 
SpF -=- 


lS2 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be used 
as status 
signals 
indicating 
that the FIFO is completely 
full 
(Input 
Ready 
stays LOW for at least tPT) or completely 
empty 
(Output 
Ready 
stays LOW for at least tPT). 


AC Test and High-Speed 
App. Notes 


Since 
the 
FIFO 
is a very-high-speed 
device, 
care 
must 
be 


exercised 
in the design 
of the hardware 
and the timing 
utilized 
within 
the design. 
The 
internal 
shift 
rate of the FIFO typically 


exceeds 
20 MHz in operation. 
Device grounding 
and decoupling 


is crucial 
to correct 
operation 
as the FIFO will 
respond 
to very 


small 
glitches 
due 
to long 
reflective 
lines, 
high 
capacitances 
and/or 
poor 
supply 
decoupling 
and 
grounding. 
Monolithic 


Memories 
recommends 
a monolith 
ic ceram ic capacitor 
of 0.1 J.l F 
directly 
between 
VCC 
and 
GND 
with 
very 
short 
lead 
length. 


In addition, 
care must 
be exercised 
in how the timing 
is set up 
and how the parameters 
are measured, 
For example, 
since an 
AND 
gate function 
is associated 
with 
both 
the Shift-In-Input- 
Ready 
combination, 
as well 
as the 
Shift-Out-Output-Ready 
combination, 
timing 
measurements 
may 
be misleading, 
i.e., 


rising 
edge 
of the Shift-In 
pulse 
is not 
recognized 
until 
Input 
Ready 
is HIGH. 
If Input 
Ready 
is not high due to (a) too high a 


frequency, 
or (b) FI FO being full or effected 
by Master Reset, the 
Shift-In 
activity 
will be ignored. 
This will affectthe 
device from a 


functional 
standpoint, 
and will also cause the "effective" 
timing 


of Input 
Data Hold 
time 
(TIDHl 
and the next activity 
of Input 
Ready 
(TIRLl 
to be extended 
relative 
to shift-in 
going 
HIGH. 


This 
same 
type 
of situation 
occurs 
with 
TORL 
and TORH 
as 


related 
to 
Shift-Out. 
For 
high-speed 
applications, 
proper 
grounding 
technique 
is essential. 


IItIN---------.\_-----IItIN 


------ 
66.6 no -------_1 


CD"-~J--~ 
\~_~ 


J 
I 
\ 
1 


l_-_~-~_) 
l-_-_-\._J __5- 
_ 


INPUT 
DATA 
_-STABLEDATA-_~------ 
__ . 


CD Input Ready HIGH 
Indicates 
space is avialable 
and 8 Shift-In 
pulse may be applied. 


CD Input Data is loaded 
Into the first word. 
The Data from the first word ISreleaseo 
for "fall-through" 
to second 
word. 


CD Input Ready goes LOW indicating 
the first word 
IS full. 


@ Shift-in going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 


<D If the second word is already full then the data remains at the first word. Since the FiFO is now full Input Ready remains low. 


Note: Shi:t-ln pulses applied 
while 
Input Ready is LOW will be ignored 
(See Figure 
5). 


It/IonoIlthlcm MemorIes 


SHIFTOUT--1 


SHIFTIN-I 


~ 


INPUTREADY ~ 
• 
~PT----------- 
-I\PH-\ 
_ 


_ 
~~~~~~~~~~~~~~~~~~t~R~ID_S:t=~t----IRIDH 
;.~I== 


INPUTDATA~---STABLE 
DATA---~~ 


<D Fl FO is initially 
full. 


<D Shift Out pulsed is applied. An empty location starts "bubbling" 
to the front. 


(j) Shift In is held HIGH. 


<D As soon as Input Ready becomes 
HIGH the Input Data is loaded 
into the first word. 


I 


I 


~ 


CD The diagram 
assumes that at this time, words 63, 62 and 61 are loaded 
with A, Band 
C Data, respectively. 


CD Output data changes on the falling edge of SO after a valid Shift-Out 
Sequence, 
Le. OR and SO are both high together. 


I 
I 
A·DATA 


~ 


CD The diagram 
assumes that at this time words 63. 62 and 61 are loaded with A, Band 
C Data, respectively. 


<D Data in the first crosshatched 
region may be A or B Data. 


Monolithic mMemories 


CD Output Ready HIGH indicates 
that data is available and a Shift-Out 
pulse may be applied. 


CD Shift-Out 
goes HIGH causing the contents 
of word 62 (B-Oata) to be released for fall-through 
to word 63. 
Output data remains as valid A-Data while Shift-Out 
is HIGH. 


CD Output Ready goes LOW. 


e!) Shift-Out 
goes LOW causing Output 
Ready to go HIGH and new data (B) to appear at the data outputs. 
ill If the FIFO has only one word loaded (A-Data) then Output 
Ready stays LOW and the output 
data becomes invalid. 


\_----------- 


CD FIFO initially 
empty. 


CD Shift Out held HIGH. 


CDy~--- 


n7T/777T/T/77777777777777 
'///////////////// /////////. 


__ 
0_' 
~1CD 
- 


CD Word 63 is empty. 


CD Output Ready goes HIGH indicating 
arrival of the new data. 


CD New data (A) arrives at the outputs 
(word 63). 


@ Since Shift Out is held HIGH, Output 
Ready goes immediately 
LOW. 


eD As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending 
on whether there are any additIonal 
upstream 
words in the FIFO. 


~,.,,", 
_. 
'." 
1 


DATA OUTPUTS 
hnnn. 
-H'------ 
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Section 
9 
. 
SN54/74S730/-1 
8-Bit 
Dynamic-RAM 
Driver 
w/ Three·State 
Output 
. 


SN54/74S734/-1 
8-Bit 
Dynamic-RAM 
Driver 
w/ Three·State 
Output 
. 


673102 
256K 
Dynamic 
RAM Controller/ 


Driver 
. 


256K 
Dynamic 
RAM Controller/ 


Driver 
. 


1-Megabit 
Dynamic 
RAM Controller/ 


Driver 
. 


1-Megabit 
Dynamic 
RAM Controller/ 


Driver 
. 


1-Megabit 
Dynamic 
RAM Controller/ 


Driver 
. 
1-Megabit 
Dynamic 
RAM Controller/ 


Driver 
. 


SN74S408/DP8408A 
64K Dynamic 
RAM Controller/ 


Driver 
. 


SN74S408-2/DP8408A-2 
64K Dynamic 
RAM 
Controller/Driver 
. 


SN74S409-2/DP8409A-2 
256K 
Dynamic 
RAM 
Controller/Driver 
. 


SN74S409/DP8409A 
256K 
Dynamic 
RAM 
Controller/Driver 
. 


a-Bit Dynamic-RAM Driver 
with Three-state Outputs 
SN54/74S730/-1 
SN54/74S734/-1 


• Provides 
MOS voltage 
levels for 16K and 64K DRAMs 


• Undershoot 
of low-going 
output 
is less than 
-0.5 V 


• Large 
capacitive 
drive capability 


• Symmetric 
rise and fall times 
due to balanced 
output 
impedence 


• Glitch-free 
outputs 
at power-up 
and power-down 


• 20-pin 
SKINNYDIP'!)saves 
space 


• 'S7301734 are exact 
replacement 
for the Am2965/66 


• 'S7301734 are pin-compatible 
with 
'S240/244, 
and can 
replace 
them 
in many 
applications 


• 'S730-11734-1 
have a larger 
resistor 
in the output 
stage 
for 
better 
undershoot 
protection 


• Commercial 
devices 
are specified 
at VCC 
± 10% 


Description 


The 'S730 and 'S734 are buffers 
that can drive multiple 
address 
and 
control 
lines 
of 
MOS 
dynamic 
RAMs. 
The 
'S730 
is an 
inverting 
driver, and the 'S734 is a non-inverting 
driver. The 'S730 
is pin-compatible 
with 
the 'S240 and an exact 
replacement 
for 


the Am2965. 
The 'S734 is pin-compatible 
with the 'S244 and an 


exact replacement 
for the Am2966. 


These 
devices 
have been designed 
with 
an additional 
internal 


resistor in the lower output 
driver transistor 
circuit, 
unlike regular 


8-bit buffers. This resistor serves two purposes: 
it causes a slower 


fall time for a high-to-Iow 
transition, 
and it limits the undershoot 


without 
the use of an external 
series resistor. 


'S730 (Am2965) 
'S730-1 


PART 
PKG 
TEMP 
ENABLE 
POLARITY 
POWER 
NUMBER 


SN54S730/-1 
J,W,L 
Mil 
Low 
Invert 


SN74S730/-1 
N,J,NL 
Com 


S 


SN54S734/-1 
J,W,L 
Mil 
Non- 
Low 
Invert 
SN74S734/-1 
N,J,NL 
Com 


The 'S730 and 'S734 have been designed 
to drive 
the highly- 
capacitive 
input 
lines of dynamic 
RAMs. The drivers 
provide 
a 


guaranteed 
VOH of VCC-l.15 
V, limit undershoot 
to 0.5 V, and 


exhibit 
a rise 
time 
symmetrical 
to 
their 
fall 
time 
by 
having 


balanced 
outputs. 
These 
features 
enhance 
dynamic 
RAM 


performance. 


For a better-controlled 
undershoot 
for lightly 
capacitive-loaded 
circuits 
the 'S730-1 
and 'S734-1 
provide 
a larger 
resistor 
in the 


lower 
output 
stage. 
Also 
an improved 
undershoot 
voltage 
of 
-0.3 V is provided 
in the 'S730-1 and 'S734-1. 


A typical 
fully-loaded-board 
dynamic-RAM 
array 
consists 
of 


four 
banks 
of dynamic-RAM 
memory. 
Each 
bank 
has its own 


RAS and CAS, but has identical 
address 
lines. The RAS and CAS 


inputs to the array can come from one driver, reducing 
the skew 


between 
the 
RAS 
and 
CAS 
signals. 
Also, 
only 
one 
driver 
is 


needed 
to drive 
eight 
address 
lines 
of a dynamic 
RAM. 
The 


propagation 
delays 
are specified 
for 50 pF and 
500 pF load 
capacitances, 
and 
the 
commercial-range 
specifications 
are 
extended 
to VCC ±10%. 


All of the drivers 
are available 
in 20-pin/DIP 
and 20-pin 
PLCC 


packages. 


'S734 (Am2966) 
'S734·1 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Memories 
In.In.LI 
9·3 


E1 
E2 
1A 
2A 
1Y 
2Y 


L 
L 
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H 
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L 
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H 
H 
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H 
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H 
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H 
X 
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Z 
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X 
L 
I 
z 
H 


H 
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X 
H 


I 


z 
L 


H 
H 
X 
X 
Z 
Z 


E1 


lAl 
2 


lA2 


lA3 


lA4 


E2 
19 


2Al 
11 


13 
2A2-- 


2A3 __ 
15 


2A4 
17 


E1 
E2 
1A 
2A 
1Y 
I 
2Y 


I 


= 


L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
L 
H 
L 
L 
H 
L 
H 


I 


L 


L 
L 
H 
H 
H 
H 


L 
H 


I 


L 
X 
L 
I 
Z 
I 


L 
H 
H 
X 
H 
I 
z 
I 


H 
L 
X 
L 
Z 


I 


L 
H 
L 


I 


x 
H 
Z 
H 


H 
H 
X 
X 
Z 
Z 


'S730-1 


E1 


[> 
V 


18 
1Yl 
lAl 


16 
lY2 
lA2 


14 
1Y3 
lA3 


12 
1Y4 
lA4 


1 
~I 
EN 


2 
[> 
18 
V 


4 
16 


6 
14 


8 
12 
1 


19 
~ 
IEN, 
... 


11 
[> 
V' 


9 


13 
7 


15 
5 


17 
3 


Absolute Maximum Ratings 


~nU:~I~~~~~;e.~~~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
=~:~~:~~~ 
Off-state output voltage 
-0.5 V to +Vee max 
Storage temperature range 
-65°e to +150oe 
Output current 
. . . . . . . . . . . . . . . . . . . . . . . .. 
200 mA 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vee 
Supply voltage 
4.5 
5 
5.5 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-55 
125 
0 
75 
°e 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIL* 
Low-level input voltage 
0.8 
0.8 
V 


VIH* 
High-level input voltage 
2 
2 
V 


Vie 
Input clamp voltage 
Vee= 
MIN 
II = -18 mA 
-1.2 
-1.2 
V 


Low-level 
Any A 
-0.2 
-0.2 
IlL 
input current 
Vee= 
MAX 
VI = 0.4 V 
mA 
AnyE 
-0.4 
-0.4 


IIH 
High-level input current 
Vee= 
MAX 
VI = 2.7V 
20 
20 
JJA 


II 
Maximum input current 
Vee= 
MAX 
VI = 7V 
0.1 
0.1 
mA 


Vee- 
MIN 
IOL = 1 mA 
0.5 
0.5 
VOL 
Low-level output voltage 
VIL 
= 0.8 V 
V 


VIH = 2 V 
IOL = 12 mA 
0.8 
0.8 


Vee= 
MIN 
Vee 
Vee 
Vee 
Vee 


VOH 
High-level output voltage 
VIL 
= 0.8 V 
10H= -1 mA 
-1.15 
-0.7 
-1.15 
-0.7 
V 


VIH = 2 V 


10ZL 
Vee- 
MAX 
VO= 0.4 V 
-200 
-200 
JJA 
Off-state output current 
VIL 
= 0.8 V 


10ZH 
VIH = 2 V 
VO= 2.7V 
100 
100 
JJA 


10S 
Output short-circuit current t 
Vee= 
MAX 
-60 
-200 
-60 
-200 
mA 


'S7XX 
50 
50 


10L 
Output sink current 
VOL = 2.0V 
mA 
'S7XX-1 
40 
40 


10H 
Output source current 
VOH=2.0V 
-35 
-35 
mA 


Outputs 
'S730/-1 
24 
50 
24 
50 


high 
'S734/-1 
53 
75 
53 
75 


Outputs 
Vee= 
MAX 
'S730/-1 
86 
125 
86 
125 
Ice 
Supply current 
mA 
low 
Outputs open 
'S734/-1 
92 
130 
92 
130 


Outputs 
'S730/-1 
86 
125 
86 
125 


disabled 
'S734/-1 
116 
150 
116 
150 
t Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 
* These are absolute 
voltages 
with respect 
to pin 10 on the device and includes 
all overshoots 
due to system 
and/or 
test noise. 
00 not attempt 
to test these values without 
suitable 
equipment. 
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SYMBOL 
PARAMETER 
FIGURE 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


CL = 50p! 
6 
9 
15 


tpLH 


CL = 500p! 
18 
22 
30 
Data to output 
delay 
1 & 3 
ns 


CL = 50p! 
5 
7 
15 


tpHL 


CL = 500p! 
18 
22 
30 


tpZL 
S 
= 1 
12 
20 
Output 
enable 
delay 
2&4 
ns 
tpZH 
S 
=2 
12 
20 


tpLZ 
S 
= 1 
11 
20 
Output 
disable 
delay 
2&4 
ns 
tpHZ 
S 
=2 
6.5 
12 


tSKEW 
Output-to-output 
skew 
1 & 3 
CL = 50p! 
±0.5 
±3.0 
ns 


VONP 
Output 
voltage 
undershoot 
1 & 3 
CL = 50p! 
0 
--D.5 
V 


MILITARY tt 
COMMERCIAL 
SYMBOL 
PARAMETER 
FIGURE 
TEST 
CONDITIONS 
VCC = 5.0V ±10"lo 
VCC 
= 5.0V ±10"lo 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


CL = 50p! 
4 
20 
4 
17 
tpLH 
CL = SOOp! 
18 
40 
18 
35 
Data to output 
delay 
1 & 3 
ns 


CL = SOp! 
4 
20 
4 
17 
tpHL 
CL = 500p! 
18 
40 
18 
35 


tpZL 
S 
= 1t 
28 
28 
Output 
enable 
delay 
2&4 
ns 
tpZH 
S 
= 2t 
28 
28 


tpLZ 
S 
= 1t 
24 
24 
Output 
disable 
delay 
2&4 
ns 
tpHZ 
S 
= 2t 
16 
16 


VONP 
Output 
voltage 
undershoot 
1 & 3 
CL = SOp! 
-0.5 
--D.5 
V 


.. AC 
performance 
over 
the 
operating 
temperature 
is guaranteed 
by testing 
as defined 
in Group 
A, Subgroup 
9, Mil 
Std 
8838. 
t"s 
= 
'" 
and "5 = 2" refer to the SWitch set ling In Figure 2. 


tt T C = -55 to + 1250 C for flatpack 
verSIons. 


SYMBOL 
PARAMETER 
FIGURE 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


CL = 50p! 
6 
9 
15 
tpLH 


CL = 500p! 
18 
22 
30 
Data to output 
delay 
1 & 3 
ns 


CL = 50p! 
5 
7 
15 


tpHL 


CL = 500p! 
18 
22 
40 


tpZL 
S 
= 1 
12 
20 


Output 
enable 
delay 
2&4 
ns 
tpZH 
S 
=2 
12 
20 


tpLZ 
Output 
disable 
delay 
S 
= 1 
11 
20 
2&4 
ns 
tpHZ 
S 
=2 
6.5 
12 


tSKEW 
Output-to-output 
skew 
1 & 3 
CL = SOpf 
±0.5 
±3.0 
ns 


VONP 
Output 
voltage 
undershoot 
1 & 3 
CL = 50p! 
0 
-0.3 
V 


MILITARYtt 
COMMERCIAL 
SYMBOL 
PARAMETER 
FIGURE 
TEST 
CONDITIONS 
VCC = 5.0V ±10llfo 
VCC = 5.0V ±10llfo 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


CL = SOp! 
4 
20 
4 
17 
tpLH 


CL = SOOp! 
18 
40 
18 
35 
Data 
to output 
delay 
1 & 3 
ns 


CL = SOp! 
4 
20 
4 
17 


tpHL 
CL = SOOp! 
18 
50 
18 
45 


tpZL 
S 
= 1t 
28 
28 


Output 
enable 
delay 
2&4 
ns 
tpZH 
S 
= 2t 
28 
28 


tpLZ 
S 
= 1t 
24 
24 
Output 
disable 
delay 
2&4 
ns 
tpHZ 
S 
= 2t 
16 
16 


VONP 
Output 
voltage 
undershoot 
1 & 3 
CL = SOp! 
-0.3 
-0.3 
V 


HAC performance 
over the operating 
temperature 
is guaranteed 
by testing as defined in Group A, SUbgroup 9, Mil Std 8838. 


tus::: 
1" and "8 = 2" refer to the switch setting in Figure 2. 


tt TC :::~55 to + 1250 C for flatpack versions. 


TEST POINT'~ 
ICL"l~Kn 


VCC 


~ 


1 
6800 
LZ.ZL 
TEST POINT' 
S 
2IHz.ZH 
I 


CL 


':' 
SOpF 
':' 


* The "TEST POINT" is driven by the output under test, 


and observed by instrumentation. 


* * tpd specified at CL = 50 and 500pF 
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Figure 5b, tpLH 
for VOH = 2.7 V YS. CL, for the '5730-1 


and '5734·1 


Figure 
6b. 
tpHL 
for VOL = 0.8 V YS. CL, for the '5730-1 


and '5734-1 


The 'S730 and 'S734 are 8-bit 
bipolar 
dynamic 
RAM drivers 
and 


are pin-compatible 
with the 'S240 and 'S244 respectively. 


The actual circuit 
conditions 
that arise for driving 
dynamic 
RAM 


memories 
are as follows: 
Typically, 
in dynamic 
RAM_arrays 


address 
lines and control 
lines, 
RAS, CAS, and WE have a fair 


amount 
of 
"daisy 
chaining." 
The 
daisy 
chaining 
causes 
an 


inductive 
effect due to the traces in the printed 
circuit 
board; 
the 
dominant 
factor 
in the RAM 
loading 
is input 
capacitance, 
and 


these two conditions 
contribute 
to the actual 
driver 
conditions 


shown 
in 
Figure 
7. 
The 
result 
is 
a 
transmission 
line 
with 


distnbuted 
Inductance 
and capacitance 
connected 
to the driver 
outputs. 


...~ 
T 


Figure 
7. 
RAM Driver 
Output 
To Array 


The transmission 
line effect 
can imply 
reflections, 
which 
in turn 


cause 
ringing, 
and it takes some 
time before 
the output 
settles 


from 
the 
low-to-high 
transition. 
On the high-to-Iow 
transition, 


along 
with 
ringing, 
a voltage 
undershoot 
can 
occur, 
and 
the 
circuit 
takes 
even 
longer 
to settle 
to an acceptable 
zero 
level. 


The 
main 
cause 
for 
the 
shorter 
high-to-iow 
transition 
as 


compared 
to the low-to-high 
transition 
is the output 
impedance 
of typical 
Schottky 
drivers. 
Figure 
8, shows 
a typical 
Schottky 


driver 
output 
stage and 
Figure 
9 shows 
the output 
impedance 
for high and low output 
states. 


vcc 


1~30 /1 


,~,-, 
3/1 
J 
L - 
RAM 


Figure 
8. Typical 
SChottky 
Figure 
9. 
Driver 


Driver 
Output 
Output 
Impedance 


In Figure 
9 when 
S=l, 
the output 
is high 
and the driver 
output 


impedance 
is approximately 
3011. When 
S~'2, the output 
is low 
and the driver 
output 
impedance 
is approximately 
3n. 
There 
is 


a 10:1 ratio 
for the 
output 
impedances 
or the 
low and 
high 


states. 
The 
high-to-Iow 
transition 
causes 
a problem 
as the 


output 
transistor 
turns 
on fast due to the low impedance 
and 
undershoot 
results 
at the RAM inputs. 


vcc 


I 


1 ~ ~ 
18-25/1 


'~" 
~ 
18-2S/1 T 
L - 
RAM 


Figure 
11. Driver 
Output 
Impedence 
For the '5730 
and '5734 


Figure 
10. '5730 
and '5734 
Output 
Stage 


The 'S730 and 'S734 have a modification 
in their output 
stage, in 


that an internal 
resistor 
is added 
to the lower 
output 
stage 
as 


shown 
in Figure 
10. 


The'S730-1 
and 'S734-1 have a larger 
resistor, 
R2, comparted 
to 


the "non-dash" 
parts, which 
give better undershoot 
protection 
at 


a slightly 
slower 
switching 
performance. 


The structure 
in Figure 
10 provides 
a driver output 
impedence 
of 


approximately 
18 n to 25 n in either 
high 
(S = 1) or low (S = 2) 


states 
as shown 
in Figure 
11. In addition, 
this 
circuit 
limits 


undershoot 
to 
-0.5 
V, essentially 
eliminating 
that 
problem; 


provides 
a symmetrical 
rise and fall time; and guarantees 
output 


levels of VCC-l.15 
V needed 
for MOS 
High 
levels. Also, 
when 


using 
the 'S730 asnd 
'S734, 
no external 
resistors 
are needed. 
'S240-series 
parts 
used with external 
resistors 
to provide 
drive 
capability, 
but the rise times 
and fall times 
are unsymmetricai 


due to higher 
impedance 
for low-to-high 
transitions 
. 


Figure 
12 shows 
the undershoot 
problem 
using a 'S240 without 
external 
resistors 
and the elimination 
of the problem 
by using 


the 'S730. Thus from a dynamic-RAM 
system-design 
viewpoint, 


the 'S730 and 'S734 are very effective 
RAM drivers. 


Figure 
12. Comparison 
of Undershoots 
and tpHL 


An application 
using these 8-bit drivers 
to interface 
address 
and 


control 
lines 
(and 
data 
lines) 
to a dynamic 
RAM 
array 
using 


64K 
DRAMs 
is discussed. 
The signals 
needed 
for the controls 


are RAS, CAS, 
and WE. The address 
lines are A(j-A7 
and the 


data 
lines 
are shown 
as the 
high 
and 
low 
byte. 
The 
array 
is 


shown 
in Figure 
13. It consists 
of four 
rows 
of DRAMs; 
each 
row 
has individual 
RAS, CAS, and WE lines. However, 
all four 


rows 
have common 
address 
lines AQ-A7. 
The RAM capacitive 


loading 
for 
RAS, 
CAS, 
and WE is about 
10 pf per input. 
The 
loading 
of the address 
lines 
is about 
5 to 7 pf per input. 
The 


loading 
of 
the 
RASi' 
CASi 
and 
WE; 
inputs 
to 
each 
row 
of 


memories 
is 160 pf. Note 
that 
RASi 
and 
CASi 
come 
from 
the 


same driver, 
which 
reduces 
timings 
skews 
which 
might 
arise if 


they 
were 
output 
from 
separate 
drivers. 
The adc1ress lines are 


outputs 
from 
another 
driver, 
and the loading 
on each line is 320 


pf 
(5 pf 
loading 
times 
64 
DRAMs). 
At 
this 
point 
it is worth 


noting 
that if a 320-pf 
loading 
affects 
performance 
unduly, 
then 


the 
address 
lines 
can 
be split 
between 
two 
drivers 
with 
each 


having 
a load 
of 
160 pf, reducing 
overall 
signal 
delay. 


If 
an 
error-detection-and-correction 
scheme 
is 
used. 
then 
typically 
the row size expands 
to 22 bits from the 16 bits shown 
in 


the example. 
The 
'S730 and 
'S734 drivers 
lend 
themselves 
to 
such expansion, 
as their propagation 
delays are specified 
at 50 pF 
and also at 500 pF. 


{8 
~ ~ ~~ ~~ ~ ~ 
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1 
8 


5700/730/731/734/-1 


I 


'5730/734-1 
I 
I 


'5730/734-1 
I 


'5730/734-1 
RAM 
DRIVER 
RAM DRIVER 
RAM DRIVER 
RAM DRIVER 


f8 
f8 


DIN 
RAS 
RASO 
RAS 
DIN 


CAS 
CASO 
CAS 
8(64Kxl)DRAMs 
WE 
WEO 
WE 
8 (64K xl) 
DRAMs 


DOUT 
AO-A7 
AO-A7 
DOUT 


I 
! 
! 
I 


DIN 
RAS 
RASI 
RAS 
DIN 


CAS 
CASI 
CAS 
8(64Kxl)DRAMs 
WE 
WE1 
WE 


8(64Kx1)DRAMs 


AO-A7 


DOUT 
AD-A7 
DOUT 


I 
~ 
~ 
I 


DIN 
RAS 
RAS2 
RAS 
DIN 


CAS 
CAS2 
CAS 
8 (64K xl) 
DRAMs 
WE 
WE2 
WE 
8 (64K x 1) DRAMs 


AO-A1 


DOUT 
AO-A1 
DOUT 


I 
! 
! 
I 


DIN 
RAS 
RAS3 
RAS 
DIN 


CAS 
CAS3 
CAS 
8 (64K xl) 
DRAMs 
8 (64K x 1) DRAMs 
WE 
WE3 
WE 


AO-A1 


DOUT 
AO-A1 
DOUT 


DAJ:UT 


'5130/734-1 


OAT} 
OUT 
RAM DRIVER 


HIGH 
BYTE 


~ 


LOW BYT 


256K 
Dynamic RAM 
Controller / Driver 


673102 
673102A 


Features/Benefits 


• 
Supports 
16K, 64K, and 256K DRAMs 


• 
Capable 
of addressing 
up to 2 M 16-blt 
words 
or 2 M bytes 


• 
On-chip 
capacitive-load 
drivers 
are capable 
of driving 
up 


to 
88 
DRAMs 
with 
30-nsec 
typical 
address 
propagation 


delay 
and 128 DRAMs 
with 
35-nsec 
typical 
address 
propa- 


gation 
delay 
• RASiN to iiAS 
delay 
of 
20 
nsec 
max (RAS driving 
22 


DRAMs) 


• 
Max and Mln skews 
are specified 
to simplify 
system 
design 


• 
lINo CASiN Inputs 
and 
two CAS outputs 
simplify 
byte 


addressing 


• 
An Auto-Access 
mode 
with 
extended 
CAS capability 
takes 


advantage 
of full performance 
of 120 and 150 nsec DRAMs 


• 
An output 
series 
resistor 
reduces 
undershoot 


Modes of Operation 


• 
Externally 
Controlled 
Access 
(ECA) 


• 
Auto Access 
(AA) 


• 
Refresh 


I~I~I~ 


I 
I~l~~lil 
CD ~ 
B 
~ 
0 
11! 0 


PART NUMBER 
PACKAGE 
TEMPERATURE 


673102 
480, 48N, 68NL, 


68NP 
Com 
673102A 


C1 


C2 


R3 


C3 


C7 


R7 
C4 


C6 


R6 
ADS 


RS 


C4 


CS 


cs 


R7 


AUTO 


RFSH 


RASIN 


RAsa 


RAS1 
ImI 
RAS2 


RAS3 


01 


02 


03 


673102 
vcc 


673102A 
OE 


GND 


04 


as 


as 


07 


as 


WE 


WEiN 


CASO 


CASINO 


CAS1 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
Monolithic m~n 
Memories 
LnJlW 
9·11 


R/C 
Auro 


RFSH 


RASO 


RASIN 


RAS1 
RAS 
DECODER 
RAS2 
BO 


B1 
RAS3 


l~s 


Description 


The 673102 is a 48-pin LSI device which performs most of the 
functions 
needed to control 
and address Dynamic RAMs. 
Twenty address in~, 
nine address outputs, four RAS outputs, 
and two CASIN-CAS input-output pairs allow the 673102 to 
directly address 2 M 16-bit words or bytes. The two CASINn 
inputs and the two CASn outputs simplify individual byte access 
in 16-bit wide memory arrays (see Figure 2). 


The 673102 has three operating modes: 
• Externally Controlled Access (ECA) 
• Auto Access (AA) 
• Refresh (RFSH). 


The Externally-Controlled-Access mode gives the system direct 
control over the RASm outputs, the CASn outputs, and Row/Co- 
lumn multiplexing. It also supports PAGEmode access,NIBBLE 
mode access, and static column mode access. 


The Auto-Access mode provides on-chi~lays 
that automati- 
cally control the timing delays between RASm signals, address 
multiplexing, 
and CASn signals. In the Auto-Acces~de 
CASIN0-1 inputs serve as enables for the respective CASO-1 
outputs •.allowing the access of either or both bytes of the 


* 
Indicates that there is a 3-KCl pull-Up resistor on these outputs when they are disabled 


Figure 1. 673102 Functional 
Block Diagram 


memory array (for 16-bit wide memory arrays organized in two 
bytes). In this mode CASO-1 outputs go HIGH only when the 
respective CASINO-1inputs go HIGH, and the address switches 
back to row address only when both CASINO and CASIN1 go 
HIGH This feature allows extension of the CASOor CAS1 LOW 
time ~nd column address time while RASIN and RASm can go 
HIGH to satisfy the precharge requirements of the dynamic 
RAMs. 


When the Refresh mode is selected (RFSH is LOW) an on-chip 
refresh counter provides the refresh address; with AUTO HIGH 
and R/G LOW the column address is forced onto the address 
output multiplexer, facilitating an access of a particular memory 
location while refreshing a row.This feature may be useful when 
implementing error detection and correction scrubbing. 


The 673102 can drive eight banks of DRAMs. RASm control 
signals are used to select a pair of banks, while leaving the other 
three pairs of banks in standby. The two CASn outputs enable 
the selection of one bank out of the pair.The address lines and 
the WE signal can be connected to al~ht 
banks. In a 16-bit 
wide, byte-oriented, memory array the RASm signals select one 
out of four banks while the CASn signals select the bytes as 
shown in Figure 2. 


D15 
D8 
D7 
DO 


Bank3 


'RAS3 


Bank2 


RAS2 
ADDRESS 


4 
00-08 


Bank1 
~ 
WE 


RAS1 
Each RAS output drives 16 DRAMs 


Each CAS output drives 32 DRAMs 
BankO 
Each QO-8output drives 64 DRAMs 


RASo 
WE output drives 64 DRAMs 


~1 
~O 


FIgure 2. 673102 Addressing Four Banks of 16-blt Memory Array Organized In lINo Bytes 


Pin Definitions 


YCC, GND: YCC-GND = 5 Y ±10"lo. The supply pins have been 
assigned to the center of the package to reduce voltage drops, 
both DC and AC. A low-inductance connection between the 
ground pin and a solid ground plane will minimize fluctuations in 
the ground level of the device that may occur when the address 
outputs switch from HIGH to LOW simultaneously. A 1/lF multi- 
layer ceramic capacitor in parallel with a low-voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properly decouple the device. 


RO-R8:Row Address Inputs 


Co-C8: Column Address Inputs 


BO-B1:Bank-Pair Select Inputs - 
Strobed by ADS. Decoded to 


enable one of the RAS outputs when RASIN goes LOW in the 
access modes. 


00-08: Multiplexed Address Outputs - 
Selected from the row 


address input latch, the column address input latch, or the 
refresh counter. 


RASiN: Row Address Strobe Input - 
Drivesthe selected RASm 


output in the access modes and all RAS outputs in the Refresh 
mode. 


ADS: Address 
(Latch) 
Strobe Input - 
Strobes input row 


address, column 
address and Bank Select inputs into the 


respective latches when HIGH; latches on HIGH-to-LOW 
transition. 
OE: Output Enable - 
When OE is LOW the address and control 


outputs are enabled. When OE is HIGH the address outputs are 
in high-impedance and the control outputs are pulled HIGH. 


R/C: Row/Column Selectlnput- 
In the Externally-Controlled- 


Access mode it is used to select either the row address input 


latch or the column address input latch onto the address out- 
puts. In the Refresh mode, when AUTO is HIGH, it is used to 
select between the refresh address (R/C HIGH) and the column 
address (R/C LOW). When AUTO is LOW RIG is disabled. 


CASiNO-1: Column Address Strobe Inputs - 
In the Externally- 


Controlled-Access mode the CASINn directly drives CASn out- 
put. In the Auto-Access mode each is used to enable the corres- 
ponding CASn output (See CASO-1description). 
WEiN': Write Enable Input. 
WE: Write Enable Output. 


CASO-1: Column Address Strobe Outputs-In 
the Externally- 


Controlled-Access 
mode the CAS outputs follow the CASiN 


inputs. In the Auto-Access mode the CASIN inputs are used to 
enable the CAS outputs. The CAS outputs are asserted LOW, 
with proper delay from the RAS output, by the RASIN signal via 
the Auto-Access timing generator. In the Auto-Access mode, the 
CASn goes HIGH only when the corresponding CASINn goes 
HIGH. Extending the CASn LOW duration while RASIN and 
RASm go HIGH satisfies the precharge requirement of the 
dynamic RAMs. 


RASo-3: Row Address Strobe Outputs - 
When RFSH is HIG_H 
the selected row address strobe output (decoded from signals 
BO,B1) follows the RASIN input. When RFSH is LOW all RAS 
outputs go LOW together following RASIN going LOW. 
AUTO: 
Auto-Access 
Input 
- 
When AUTO 
is LOW and 


RFSH is HIGH the Auto-Access mode is selected (see Auto- 
Access mode description). 
RFSH: Refresh Input - 
When RFSH is LOW the Refresh 


mode is selected (see Refresh mode description). 


Externally-Controlled-Access 
Mode 
(ECA) 


In this mode, selected 
when AUTO and RFSH are held HIGH, the 


673102 serves as a straightforward 
multiplexer 
and driver for the 


address 
and control 
signals 
to the DRAMs. 
The RASm 
output 


selected 
by the BO and B1 inputs 
follows 
the RASIN 
input, 
and 


each of the CAS outputs 
follows 
its corresponding 
CASIN 
input. 


When 
RIG 
is HIGH 
the row address 
is enabled 
onto 
the 00-8 


outputs. 
When RIG is LOW the column 
address 
latch is enabled 


onto 
00-8 
outputs. 


The RASIN 
- 
RAS, CASIN 
- 
CAS, and RIG - 
00-8 
control 


paths are independent 
to allow 
the system 
designer 
maximum 


flexibility 
and support 
of special DRAM access and refresh modes 


such as NIBBLE 
mode, 
PAGE mode, 
CAS before 
RAS, etc. 


To allow tighter 
timing 
of the sequence 
of control 
signals 
to the 


Dynamic 
RAM, several difference 
timing 
parameters 
have been 


specified 
for 
the 
Externally 
Controlled 
Access 
mode. 
These 


parameters 
specify 
the maximum 
difference 
between 
the various 


"control 
channels" 
of the device. 
In particular, 
using 
switching 


characteristics 
td7 and td8 is very useful 
when 
designing 
the 


delay from RASIN going 
LOW to RIG and the delay between 
RIG 


going 
LOW to CASIN 
going 
LOW (see Applications). 


BANK SELECT 
(STROBED 
BY ADS) 


ENABLED RAin 
B1 
Bo 


0 
0 
RASO 


0 
1 
RAS1 


1 
0 
RAS2 


1 
1 
RAS3 
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Auto-Access 
Mode (AA) 


In the Auto-Access 
mode the 673102 provides the system 


designer with built-in delays and sequencing to accommodate 
DRAMs with 150 nanoseconds and faster access tim~. The 
Auto-Access mode is selected when AUTO is held LOW and 
RFSH is held HIGH. The Ric input isdisabled, and RASIN going 
LOW initiates the sequence of control signals to access the 
DRAMs. The CASINO-1 inputs are used as enables for the 
respective CAS outputs. A LOW on a CASINn input enables the 


CASn output to be driven LOW with the internally generated 
delay from RAS. Each CASn output goes HIGH only when the 
corresponding 
CASINn input goes HIGH, and the address 
switches back to row address only when both CASINO and 
CASIN1 go HIGH. This feature allows extension of the CASOor 
CAS1 LOW time and the column address time, while RASIN and 
RASm can go HIGH to satisfy precharge requirements of the 
dynamic RAMs. The RIG input is disabled in this mode. 


_________________ 
-___ 
NEW ADDRESS 


RQ-R8 
CO-C8 
80-81 


4 ~tASRL 


7 


tSSR 


Refresh 
Mode (RFSH) 


When RFSH is held LOW the refresh counter contents are 
enabled onto the 00-8 address outputs, provided either RIG is 
held HIGH, or AUTO is held LOW, or both conditions exist. In 
this mode all four RAS outputs follow the RASIN input signal. 
The refresh counter increments the refresh address when either 
RASIN or RFSHgoes HIGH while the other is Law. When AUTO 
is LOW the CASIND-1 inputs are isolated and CASO-1are held 
HIGH. Also, when AUTO is LOW the RIG input is isolated from 
the output mUltiplexer, and the refresh address appears at the 
QO-8outputs. 


When AUTO is HIGH, pulling RIG LOW enables the column 
address onto the 00-8 outputs. Also, each of the CAS outputs 
follows its corresponding 
CASIN input. This feature may be 


2 ..- 
tRCSRF 


3 
tAUSRF 


used when implementing error correction and detection "scrub- 
bing" for two-bank memory array. "Scrubbing" isaterm describ- 
ing the cyclic error correction of soft errors in the memory array, 
done within the refresh cycles. On every refresh cycle one loca- 
tion of the memory array is accessed, and the data in that 
location goes, if necessary, through a correction cycle (a read- 
modify-write memory cycle). The 673102 provides the facilities 
to force acolumn address onto the 00-8 address outputs and to 
assert the CASO-1outputs with in a refresh cycle to allow scrub- 
bing. A column counter and a bank counter must be added 
externally to provide the column addresses for scrubbing. 


The refresh counter is a 9-bit counter that resets to 0 on power- 
up and rolls over to 0 at 511. 


Ro-RS 
Co-CS 
Bo-B1 


RASm, 
CASn, 
WE 


RD-RS 
Co-CS 


OD-OS 
(NOTE) 


t CTLZ 


t CTHZ 


t CTZL 


t CTZH 


SYMBOL 
PARAMETER 
CONDITIONS 
FIGUREI 
MINTYPMAX 
UNIT 
NUMBER 


VIC 
Input 
clamp 
voltage 
IIN = -18 mA, VCC = MIN 
-0.8 
-1.2 
V 


IIH 
Input high current 
VIN = 2.7 V, VCC = MAX 
50 
J.lA 


ICTL 
Output 
load current 
for RAS, CAS, WE 
VOUT 
= 0.4 V, VCC = MAX 
-1.5 
-2.5 
mA 
Chip deselect 


IlL 
Input 
low current 
except 
for RFSH 
VIN = 0.4 V, VCC = MAX 
-20 
-250 
J.lA 


IILRF 
Input 
low current 
for RFSH 
VIN = 0.4 V, VCC = MAX 
-80 
-500 
J.lA 


VIL 
Input 
low threshold 
(Note 
1) 
0.8 
V 


VIH 
Input 
high threshold 
(Note 
1) 
2.0 
V 


VOL1 
Output 
low voltage 
lOUT 
= 1 mA, VCC = MIN 
0.5 
V 


VOL2 
Output 
low voltage 
lOUT 
= 12 mA, VCC = MIN 
0.8 
V 


VOH 
Output 
high voltage 
lOUT 
= -1 mA, VCC = MIN 
2.4 
3.0 
V 


IOH 
Output 
source 
current 
(Note 2) 
VOUT 
= 0.8 V, VCC = MIN 
-50 
-140 
mA 


IOL 
Output 
sink current 
(Note 2) 
VOUT 
= 2.4 V, VCC = MIN 
40 
100 
mA 


IOZ 
Three-state 
output 
current 
(address 
output) 
0.4 V$ 
VOUT$ 
2.7 V 
-50 
50 
J.lA 
VCC = MAX, Chip deselect 


ICC 
Supply 
current 
VCC= 
MAX 
150 
240 
mA 


CIN 
Input 
capacitance 
, 
. 
TA = 25°C 
10 
pF 


SYMBOL 
EXTERNALLY 
CONTROLLED 
ACCESS 
PARAMETER 
FIGUREI 
673102A 
673102 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


tRHA 
Row addresses 
remaining 
valid from R/C LOW 
5/3 
0 
0 
ns 


tRPDL 
RASIN 
to RAS LOW delay 
3/11 
20 
20 
ns 


tRPDH 
RASIN 
to RAS HIGH 
delay 
3/12 
31 
31 
ns 


tAPD 
Address 
input 
to output 
delay 
. 
9/2 
, 
50 
50 
ns 


twPDL 
WEIN to WE LOW delay 
45 
45 
ns 


twPDH 
WEIN to WE HIGH 
delay 
40 
40 
ns 


tCPDL 
CASIN 
to CAS LOW delay 
4/3 
28 
28 
ns 


tCPDH 
CASIN 
to CAS HIGH 
delay 
4/4 
40 
40 
ns 


tRCC 
Column 
select to column 
address 
valid 
5/5 
41 
41 
ns 


tRCR 
Row select to row address 
valid 
5/6 
45 
45 
ns 


td1 
(CASIN 
to CAS LOW delay)-(RASIN 
to RAS LOW delay) 
-2 
13 
-2 
13 
ns 


td2 
(Address 
input 
to output 
delay)-(RASIN 
to RAS LOW delay) 
30 
30 
ns 


td3 
(Address 
input to output 
delay)-(CASIN 
to CAS LOW delay) 
-5 
23 
-5 
23 
ns 


td4 
Skew between 
address 
output 
lines 
10 
10 
ns 


td5 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-7 
13 
-7 
13 
ns 


td6 
(CASIN 
to CAS HIGH 
delay)-(CASIN 
to CAS LOW delay) 
-12 
12 
-12 
12 
ns 


tSPD 
ADS HIGH 
to address 
output 
valid 
9/1 
55 
55 
ns 


tRCHC 
Column 
addresses 
remaining 
valid from R/C HIGH 
5/4 
0 
0 
ns 


td7 
tRPDL 
-tRHA 
13 
13 
ns 


td8 
tRCC-tCPDL 
20 
20 
ns 


SYMBOL 
AUTO 
ACCESS 
PARAMETER 
FIGURE/ 
673102A 
673102 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


tRICL 
RASIN 
to CAS LOW delay 
6/20 
75 
85 
ns 


tRCDL 
RAS to CAS LOW delay 
6/23 
30 
65 
30 
75 
ns 


tRPDL 
RASIN 
to RAS LOW delay 
6/13 
20 
20 
ns 


tRPDH 
RASIN 
to RAS HIGH 
delay 
6/14 
31 
31 
ns 


tAPD 
Address 
input to output 
delay 
6/16 
50 
50 
ns 


!WPDL 
WEIN to WE LOW delay 
45 
45 
ns 


!WPDH 
WEIN to WE HIGH 
delay 
40 
40 
ns 


tCPDH 
CASIN 
to CAS HIGH 
delay 
6/22 
40 
40 
ns 


tRAH 
Row address 
hold time from 
RAS LOW 
6/17 
15 
15 
ns 


td2 
(Address 
input to output 
delay)-(RASIN 
to RAS LOW delay) 
30 
30 
ns 


!SPD 
ADS HIGH 
to address 
output 
valid 
6/19 
55 
55 
ns 


tASC 
Column 
address 
setup to CAS LOW 
6/21 
0 
0 
ns 


tCAHC 
Column 
address 
remaining 
valid from 
CASINQ-l 
HIGH 
6/18 
5 
5 
ns 


tASR 
Row address 
valid before 
RAS LOW 
6/24 
0 
0 
ns 


td5 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-7 
13 
-7 
13 
ns 


REFRESH 
PARAMETER 


tRFLCT 
RFSH LOW to refresh 
address 
valid 
7/5 
40 
40 
(AUTO 
LOW or R/G tiIGH) 
ns 


tRFPDL 
RASIN 
LOW to RAS LOW delay 
during 
refresh 
7/11 
23 
23 
ns 


tRFPDH 
RASIN 
HIGH 
to RAS HIGH 
delay 
during 
refresh 
7/12 
38 
38 
ns 


tRFAH 
Refresh 
address 
held from 
RASIN 
HIGH 
(RFSH LOW) 
7/7 
0 
0 
ns 


tRHNC 
RASIN 
HIGH 
to new refresh 
address 
valid 
7/9 
66 
66 
ns 


tRFAHR 
Refresh 
address 
held from 
RFSH HIGH 
7/6 
0 
0 
ns 


tRFS 
Refresh 
address 
valid to RAS LOW 
7/13 
0 
0 
(provided 
tRFQS 
is satisfied) 
ns 


tRFRDH 
RFSH HIGH 
to RAS HIGH 
(for 3 banks, 
RASIN = LOW) 
7/15 
40 
40 
ns 


td9 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-9 
16 
-9 
16 
ns 


THREE-STATE 
PARAMETER 


tAZL 
OE LOW to address 
output 
LOW 
10/1 
45 
45 
ns 


tAZH 
OE LOW to address 
output 
HIGH 
10/2 
60 
60 
ns 


tALZ 
OE HIGH 
to address 
output 
HI-Z from 
LOW 
10/3 
35 
35 
ns 


tAHZ 
OE HIGH 
to address 
output 
HI-Z from 
HIGH 
10/4 
25 
25 
ns 


tCTZL 
OE LOW to control 
output 
LOW 
10/5 
40 
40 
ns 


tCTZH 
OE LOW to control 
output 
HIGH 
10/6 
50 
50 
ns 


tCTLZ 
OE HIGH 
to control 
output 
HI-Z from 
LOW 
10/7 
30 
30 
ns 


tCTHZ 
OE HIGH 
to control 
output 
HI-Z from 
HIGH 
10/8 
25 
25 
ns 


Note 1: These are absolute voltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 
Do not attempt to test these values without suitable equipment. 


Note 
2: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. 
One output should be tested at a time and test duration should not exceed one second. 


Note 
3: Output load capacitance 
is typical for four banks of 22 DRAMs with trace capacitance. 
The values are: 00-8 CL = 500 pF. RASO-3 CL = 150 pF. WE CL = 500 pF. CASO-1 CL = 300 pF. 


Absolute 
Maximum 
Ratings 
(see Nole) 


Supply 
voltage, 
VCC 
...................................•.................................................. 
-0.5 V to 7 V 
Storage 
temperature 
range............................................... 
-65°C 
to +1SOOC 
Input voltage 
,............................................................................. 
-1.5 V to 5.5 V 


Output 
current 
, 
150 mA 


Lead temperature 
(soldering, 
10 seconds) 
300° C 


SYMBOL 
PARAMETER 
FIGUREI 
673102A 
673102 
UNIT 
NUMBER 
MINTYPMAX 
MIN TYP MAX 


VCC 
Supply 
voltage 
4.5 
5.5 
4.5 
5.5 
V 


TA 
Ambient 
temperature 
0 
75 
0 
75 
C 


tASA 
Address 
setup time to ADS LOW 
8/1 
18 
18 
ns 


tADS 
Address 
strobe 
pulse width 
HIGH 
26 
26 
ns 


tAHA 
Address 
hold time from 
ADS LOW 
8/2 
10 
10 
ns 


EXTERNALLY 
CONTROLLED 
ACCESS 
PARAMETER 


tADHAR 
ADS LOW hold from 
RASIN 
HIGH 
317 
0 
0 
'1S 


tBSR 
Bank select setup to RASIN 
LOW (ADS ~ HIGH) 
3/8 
10 
10 
ns 


tBSH 
Bank select hold from 
RASIN 
HIGH 
(ADS ~ HIGH) 
3/9 
10 
10 
ns 


tsSR 
Address 
strobe 
HIGH 
setup to RASIN 
LOW (BO, B1 STABLE) 
3/10 
20 
20 
ns 


tAUHE 
AUTO 
hold from 
RASIN 
HIGH 
3/4 
55 
55 
ns 


IAUSRC 
AUTO 
HIGH 
setup to R/C LOW 
5/1 
25 
25 
ns 


tAUHRC 
AUTO 
HIGH 
hold from R/C HIGH 
5/2 
10 
10 
ns 


IAUSCA 
AUTO 
HIGH 
setup to CASIN 
LOW 
4/1 
45 
45 
ns 


tAUHCA 
AUTO 
HIGH 
hold from CASIN HIGH 
4/2 
0 
0 
n'l 


tAUS 
AUTO 
setup to RASIN 
LOW 
3/3 
0 
0 
ns 


tRFSR 
PFSH 
HIGH 
setup to RASIN 
LOW 
(to guarantee 
tASR) 
3/1 
10 
10 
ns 


tRFHR 
RFSH HIGH 
hold from 
RASIN 
HIGH 
3/2 
10 
10 
ns 


AUTOMATIC 
ACCESS 
PARAMETER 


tADHAR 
ADS LOW hold from 
RASIN 
HIGH 
317 
0 
0 
ns 


tBSR 
Bank select setup to RASIN 
LOW (ADS ~ HIGH) 
6/12 
10 
10 
ns 


tBSH 
Bank select 
hold from 
RASIN 
HIGH 
(ADS ~ HIGH) 
3/9 
10 
10 
ns 


tASRL 
Address 
setup to RASTliJ'LOW 
(ADS ~ HIGH) 


6/4 
30 
30 
ns 
(tASRL 
~ td2 max to guarantee 
tASR) 


tAUS 
AUTO 
setup to RASIN 
LOW 
6/5 
0 
0 


---I 
ns 


tRFSR 
RFSH HIGH 
setup to RASIN 
LOW 
(to guarantee 
tASR) 
6/6 
10 
10 
ns 


tSSR 
Address 
strobe 
HIGH 
to RASIN 
LOW (80, B1 STABLE) 
617 
20 
20 
ns 


tCASR 
GASINO-1 
setup 
to RASIN 
LOW 
6/8 
-30 
-30 
ns 


tAUH 
AUTO 
hold from 
RASIN 
HIGH 
6/9 
50 
50 
ns 


tAUGH 
AUTO 
LOW hold from 
GASIN 
HIGH 
6/10 
0 
0 
ns 


REFRESH 
PARAMETER 


tAUHRF 
AUTO 
LOW hold from 
RFSH HIGH 
(RIG LOW) 
7/1 
10 
10 
ns 


tRGSRF 
RIG HIGH 
setup to RFSH LOW (AUTO 
HIGH) 
7/2 
20 
20 
ns 


tAUSRF 
AUTO 
LOW setup to RFSH LOW (RIG LOW) 
7/3 
20 
20 
ns 


IRCHRF 
RIG HIGH 
hold from 
RFSH HIGH 
(AUTO 
HIGH) 
7/4 
10 
10 
ns 


tRFH 
RASIN 
HIGH 
during 
refresh 
7/10 
30 
30 
ns 


tRFQS 
RFSH LOW setup to RASIN 
LOW (to guarantee 
tRFS) 
7/14 
30 
30 
ns 


· 
c:C 
0 


Go 
<i 


-100 
0 
100 


~C·pF 


Change 
In Propagation 
Delays va. Change 
In Loading 
CapacItance 
Relative 
to the Specified 
Load 


TEST 
S1 
S2 
CL 
MEASURED AT 


lpO 
Open 
Closed 
500 pF 
0.8 V, 2.4 V 


lPZH 
Closed 
Closed 
500 pF 
2.4 V 


tpHZ 
Open 
Closed 
15 pF 
VOH-0.5V 


lPZL 
Closed 
Closed 
500 pF 
O.BV 


lpLZ 
Closed 
Open 
15 pF 
VOL +0,5 V 


Address 
Driver 
Output 
Stage 


52l 


Note: 
Input pulse 0 V 10 3.0 V. IR = IF = 2.5 ns. f = , MHz. IpW = 200 ns. 
Input reference point on AC measurements 
is 1.5 V. 


Oufput 
reference 
points 
are 2.4 V for HIGH and 0.8 V for LOW. 


TEST 
S1 
S2 
CL 
MEASURED AT 


tpo 
Open 
Closed 
CL 
0.8 V, 2.4 V 


tpZH 
Open 
Closed 
CL 
2.4 V 


tpHZ 
Open 
Closed 
15pF 
VOH -0.5 V 


lPZL 
Open 
Open 
CL 
0.8V 


tpLZ 
Open 
Open 
15 pF 
VOL +0.5 V 


Control 
Driver 
Output 
Stage 


Applications 


Microprocessor Interface 


The 673102 Dynamic RAM Controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When interfaced to a 16-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
Two PAL® devices may be used to perform these functions, as 


shown in Figure 1. One PAL device is used to generate the 
refresh clock, while the other performs all arbitration and hand- 
shake functions. A hidden refresh (refresh which is transparent 
to the system) scheme is implemented in the interface PAL 
device which takes advantage of "free" system time to refresh 
the memory, and falls back to "forced" refresh when hidden 
refresh cannot be performed. 
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Determining 
System Performance 


(Auto-Access) 


When determining 
system performance the dynamic 
RAM 


parameters must be considered as well as the controller's prop- 
agation delays. For both read and write cycles the access time 
forthe dynamic RAM istRAC (Data access time from RASgoing 
LOW) or tCAC (Data accesstime from CAS going LOW), which- 


ever results in the later appearance of Data at the dynamic 
RAM output. Since the RAS and CAS coming out of the con- 
troller are initiated by the RASIN, the controller-memory 
per- 


formance ismeasured from the RASIN HIGH-ta-LOW transition 
(See Figure 2). 


Monolithic W Memories 


The time from 
RASIN 
to data is calculated 
to be the longer 
of: 


tRICL 
+ tCAC 
(RASIN 
to CAS + CAS to data) 


tRPDL 
+ tRAC 
(RASIN 
to RAS + RAS to data) 


Table 
1 illustrates 
the acce3S times 
from 
RASIN 
achieved 
for 


various 
dynamic 
RAM speeds. 


PARAMETER 


CONTROLLER/MEMORY 
tRAC 
tRPDL 
tCAC 
tRICL 
ACCESS 
TIME 
FROM 
RASIN 


673102lHM256-12 
120 
20 
60 
as 
145 


673102A1HM256-12 
120 
20 
60 
75 
140 


673102lHM256-15 
150 
20 
75 
as 
170 


673102A1HM256-15 
150 
20 
75 
75 
170 


673102lM B8265A-l 0 
100 
20 
50 
85 
135 


673102A1MB8265A-l 0 
100 
20 
50 
75 
125 


673102lMB8265A-12 
120 
20 
60 
85 
145 


673102A1MB8265A-12 
120 
20 
60 
75 
140 


67310211MS262Q-l 0 
100 
20 
60 
as 
145 


673102AIIMS262Q-l 0 
100 
20 
60 
75 
135 


673102l1MS262Q-12 
120 
20 
70 
as 
155 


673102A1IMS2620-12 
120 
20 
70 
75 
145 


673102 Parameters 


tRPDL 
- 
RASIN 
LOW to RAS LOW delay 


tRICL 
- 
RASIN 
TO CAS LOW delay 


DRAM 
Parameters 


tRAC 
- 
Access 
time from 
RAS LOW 


tCAC 
- 
Access 
time from 
CAS LOW 


Using the Externally 
Controlled 
Access 


In the Externally Controlled Access mode RASIN controls the 
selected RAS output, and the CASINO,1 inputs control CASO,1 
outputs respectively, The Ric input controls the address multi- 
plexer,The systemdesigner may create, usingthe RASIN,CASIN 
and RIG inputs, the required control signal sequence for the 
specific system being designed, Special dynamic RAM access 


modes such as Nibble mode, Page mode, and static column 
mode access cycles may be performed simply by toggling the 
appropriate control inputs. Special skew timing specifications 
have been specified to allow tighter timing control as outlined 
in the following examples. Both following examples relate to the 
scheme depicted in Figure 3. 
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Example 
2: Computing 
R/e to CASiN Delay 


The delay between RIG going LOW and CASIN going LOW 
(tRCCASIN) which is required in order to satisfy the dynamic 
RAMs' column address setup (tASC) is computed as follows: 


tRCCASIN = tAsc(min) 
+!ds + tPDF32.(max) 


Where: 


tASC(min) 
- 
Column 
address 
setup 
(dynamic 
RAM 


parameter) 


tds(max) = tRCC-tCPDL 


tRCC - 
RIG low to column address valid 


tCPDL - 
CASIN to CAS LOW delay 


tpDF32(max) - 
Propagation delay of the OR gate used to 
validate CASIN 


Better system performance may be aChievedusing the td7, tdS 
switching parameters to calculate tRASINRC and tRCCASIN 
than when using the tRPDL, tRCDL, tRCC and tRHA parameters 
(see td7, tdS in Externally 
Controlled 
Access 
switching 


parameters). 


Externally 
Controlled 
Access (ECA) 


(Continued) 


Example 
1: Computing RASiN to R/e Delay 


The delay between RASIN going LOW to RiG" going LOW 
(tRASINRC) which is required in order to satisfy the dynamic 
RAMs' row address hold time (tRAH) is computed as follows: 


tRASINRC = tRAH(min) + td7 
Where: 


tRAH(min) 
- 
Row 
address 
hold 
time 
(dynamic 
RAM 


parameter) 


td7(max) = tRPDL-tRHA 


tRPDL - 
RASIN to RAS LOW delay 


tRHA - 
Row address held valid from RiG" LOW 
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Features/Benefits 


• Supports up to 1 M DRAMs 


• Capable of addressing up to 8 M 16·blt words or 8 M bytes 


• On-chip capacitive-load drivers capable of driving up to 88 


DRAMs with 30-nsec typical address propagation delay and 
128 DRAMs with 35-nsec typical address propagation delay 


• RASiN to RAS delay of 20 nsec max (RAS driving 22 


DRAMs) 


• Max and Min skews are specified to simplify system design 


• lINo CASiN Inputs and two CAS outputs simplify 
byte 


addressing 


• An Auto-Access mode with extended CAS capability takes 


advantage of full performance of 120 and 150 nsee DRAMs 


• An output series resistor reduces undershoot 


Modes of Operation 


• Refresh 


• Auto Access (AA) 


• Externally Controlled Access (ECA) 


PART NUMBER 
PACKAGE 
TEMPERATURE 


673103 


52D. 68NL. 68NP 
Com 


673103A 


Monolithic ~~n 
Memories 
InJl1JJ 


TWX: 
910-338-2376 


2175 Mission 
College 
Blvd. 
Santa 
Clara. 
CA 95054-1592 
Tel: (408) 970-9700 
TWX; 
910-338-2374 
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SYMBOL 
AUTO 
ACCESS 
PARAMETER 
FIGURE/ 
673103A 
673103 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


tRICL 
RASIN 
to CAS LOW delay 
6/20 
75 
85 
ns 


tRCDL 
RAS to CAS LOW delay 
6/23 
30 
65 
30 
75 
ns 


tRPDL 
RASIN 
to RAS LOW delay 
6/13 
20 
20 
ns 


tRPDH 
RASIN 
to RAS HIGH 
delay 
6/14 
31 
31 
ns 


tAPD 
Address 
input 
to output 
delay 
6/16 
50 
50 
ns 


!WPDL 
WEIN to WE LOW delay 
45 
45 
ns 


!WPDH 
WEIN to WE HIGH 
delay 
40 
40 
ns 


tCPDH 
CASIN 
to CAS HIGH 
delay 
6/22 
40 
40 
ns 


tRAH 
Row address 
hold time from 
RAS LOW 
6/17 
15 
15 
ns 


1d2 
(Address 
input to output 
delay)-(RASIN 
to RAS LOW delay) 
30 
30 
ns 


tSPD 
ADS HIGH 
to address 
output 
valid 
6/19 
55 
55 
ns 


tASC 
Column 
address 
setup to CAS LOW 
6/21 
0 
0 
5 
ns 


tCAHC 
Column 
address 
remaining 
valid from 
CASINO-1 
HIGH 
6/18 
5 
5 
ns 


tASR 
Row address 
valid before 
RAS LOW 
6/24 
0 
0 
ns 


1d5 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-7 
13 
-7 
13 
ns 


REFRESH 
PARAMETER 


tRFLCT 
RFSH LOW to refresh 
address 
valid 
7/5 
40 
40 
(AUTO 
LOW or R/C HIGH) 
ns 


tRFPDL 
RASIN 
LOW to RAS LOW delay during 
refresh 
7/11 
23 
23 
ns 


tRFPDH 
RASIN 
HIGH 
to RAS HIGH 
delay 
during 
refresh 
7/12 
38 
38 
ns 


tRFAH 
Refresh 
address 
held from 
RASIN 
HIGH 
(RFSH LOW) 
7n 
0 
0 
ns 


tRHNC 
RASIN 
HIGH 
to new refresh 
address 
valid 
7/9 
66 
66 
ns 


tRFAHR 
Refresh 
address 
held from 
RFSH HIGH 
7/6 
0 
0 
ns 


tRFS 
Refresh 
address 
valid to RAS LOW 
7/13 
0 
0 
(provided 
tRFQS 
is satisfied) 
ns 


tRFRDH 
RFSH HIGH 
to RAS HIGH 
(for 3 banks, 
RASIN = LOW) 
7/15 
40 
40 
ns 


td9 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-9 
16 
-9 
16 
ns 


THREE-STATE 
PARAMETER 


tAZL 
OE LOW to address 
output 
LOW 
10/1 
45 
45 
ns 


tAZH 
OE LOW to address 
output 
HIGH 
10/2 
60 
60 
ns 


tALZ 
OE HIGH 
to address 
output 
HI-Z from 
LOW 
10/3 
35 
35 
ns 


tAHZ 
OE HIGH 
to address 
output 
HI-Z from 
HIGH 
10/4 
25 
25 
ns 


tCTZL 
OE LOW to control 
output 
LOW 
10/5 
40 
40 
ns 


tCTZH 
OE LOW to control 
output 
HIGH 
10/6 
50 
50 
ns 


tCTLZ 
OE HIGH 
to control 
output 
HI-Z from 
LOW 
10n 
30 
30 
ns 


tCTHZ 
OE HIGH 
to control 
output 
HI-Z from 
HIGH 
10/8 
25 
25 
ns 


Note 1: These are absolute Yoltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 


Do not attempt to test these values without suitable equipment. 


Note 
2: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. 


One output should be tested at a time and test duration should not exceed one second. 


Note 
3: Output load capacitance 
is typical..!£!.!our 
banks of 22 DRAMs with trace~acitance. 


The values are: 00-8 
CL ~ 500 pF, RASO-3 CL ~ 150 pF, WE CL ~ 500 pF, CASO-l 
CL ~ 300 pF. 
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Figure 1. 673103 Functional 
Block Diagram 


Description 


The 
673103 
is an LSI device, 
provided 
in 52-pin 
and 
68-pin 


packages. 
which 
performs 
most 
of the 
functions 
needed 
to 
control 
and address 
Dynamic 
RAMs. Twenty-two 
address 
inputs, 
ten address 
outputs, 
four 
RAS outputs, 
and two 
CAS IN-CAS 


input-output 
pairs allow the 6731 03 to directry 
address8 
M 16-bit 


words 
or 
bytes. 
The 
CAS INn 
inputs 
and 
the 
CASn 
outputs 
simplify 
individual 
byte 
access 
in 16-bit 
wide 
memory 
arrays 


(see Figure 
2). 


The 673103 has three operating 
modes: 
• 
Externally 
Controlled 
Access 
(ECA) 
• 
Auto Access 
(AA) 
• 
Refresh 
(RFSH). 


The Externally-Controlled-Access 
mode gives the system direct 


control 
over the RASm outputs, 
the CASn outputs, 
and Row/Co- 


lumn multiplexing. 
It also supports 
PAGE mode access, NIBBLE 


mode 
access, 
and static column 
mode 
access. 


The Auto-Access 
mode 
provides 
on-chip 
delays that automati- 


cally control 
the tim~delays 
between 
RASm signals, 
address 


multiplexing, 
and 
CASn 
signals. 
In 
the 
Auto-Acces~de 
CASINO-1 
inputs 
serve 
as enables 
for the 
respective 
CASO-1 


outputs, 
allowing 
the access 
of any byte of the memory 
array 
(for 16-bit 
wide memory 
arrays 
organized 
in two bytes). 
In this 


mode 
CASO-1 
outputs 
go 
HIGH 
only 
when 
the 
respective 


CASINO-1 
inputs 
go HIGH, 
and the address 
switches 
back 
to 
row address 
only 
when 
both 
CASINO-1 
go HIGH. 
This feature 
allows 
extension 
of the CAS 
LOW 
time, 
and 
column 
address 


time while 
RASIN 
and RASm 
can go HIGH 
to satisfy 
the pre- 


charge 
requirements 
of the dynamic 
RAMs. 


When the Refresh 
mode 
is selected 
(RFSH 
is LOW) an on-chip 
refresh 
counter 
provides 
the refresh 
address; 
with AUTO 
HIGH 
and Ric LOW the column 
address 
is forced 
onto 
the address 
output 
mUltiplexer, 
facilitating 
an access of a particular 
memory 


location 
while 
refreshing 
a row. This feature 
may be useful when 


implementing 
error 
detection 
and correction 
scrUbbing. 


The 
673103 
can drive 
eight 
banks 
of DRAMs. 
RASm 
control 
signals 
are used to select a pair of banks, while 
leaving the other 


banks in standby. 
The two CASn outputs 
enable the selection 
of 
one bank out of two. The address 
lines and the WE signal can be 
connected 
to all eight 
banks. 
In a 16-bit 
wide. 
byte-oriented, 


memory 
array 
the 
RASm 
signals 
select 
the 
banks 
while 
the 


CASn 
signals 
select the bytes, as shown 
in Figure 
2. 


00-09 


WE 


Each RAS output drives 16 DRAMs 


Each CAS output drives 32 DRAMs 


Each 00-9 output drives 64 DRAMs 


WE output drives 64 DRAMs 


Figure 2. 673103 Addressing Four Banks of 16-blt Memory Array Organized in lWo Bytes 


Pin Definitions 


VCC, GND: VCC-GND = 5 V ±10'lo. The supply pins have been 
assigned to the center of the package to reduce voltage drops, 
both DC and AC. A low-inductance connection between the 
ground pin and asolid ground plane will minimize fluctuations in 
the ground level of the device that may occur when the address 
outputs switch from HIGH to LOW simultaneously. A 1-}LFmulti- 
layer ceramic capacitor in parallel with a low-voltage tantalum 
capacitor, both connected close to the VCC and GND pins, will 
properly decouple the device. 


RO-R9:Row Address Inputs 


CO-C9:Column Address Inputs 


BO-B1:Bank-Pair Select Inputs - 
Strobed by ADS. Decoded to 


enable one of the RAS outputs when RASIN goes LOW in the 
access modes. 


00-09: Multiplexed Address Outputs - 
Selected from the row 


address input latch, the column address input latch, or the 
refresh counter. 


RASiN: Row Address Strobe Input - 
Drivesthe selected RASm 


output in the access modes, and all RAS outputs in the Refresh 
mode. 


ADS: Address 
(Latch) 
Strobe 
Input - 
Strobes input row 


address, column address, and Bank Select inputs into the 
respective latches when 
HIGH; 
latches on 
HIGH-to-LOW 


transition. 
OE: Output Enable - 
When OE is LOW the address and control 


outputs are enabled. When OE is HIGH the address outputs are 
in high-impeaance ana the control outputs are pulled HIGH. 


R/C: Row/Column Select Input - 
In the Externally-Controlled- 
Access mode, it is used to select either the row address input 


latch or the column address input latch onto the address out- 
puts. In the Refresh mode, when AUTO is HIGH, it is used to 
select between the refresh address (RiG HIGH) and the column 
address (RiG LOW). When AUTO is LOW R/Cis disabled. 


CASiNO-1: Column Address Strobe Inputs - 
In the Externally- 


Controlled-Access mode, the CASINn directly drives the CASn 
output. In the Auto-Access mode, it is used to enable the corres- 
ponding CASn output (See CASO-1description). 
W'EiN': Write Enable Input. 
WE: Write Enable Output. 


CASO-1:Column Address Strobe Outputs- 
In the Externally- 


Controlled-Access 
mode the CAS outputs follow the CASIN 


inputs. In the Auto-Access mode the CASIN inputs are used to 
enable the CAS outputs. The CAS outputs are asserted LOW, 
with proper delay from the RAS output, by the RASIN signal via 
the Auto-Access timing generator. In the Auto-Access mode, the 
CASn goes HIGH only when the corresponding CASINn goes 
HIGH. Extending the CASn LOW duration while RASIN and 
RASm go HIGH to satisfy precharge requirements of the 
dynamic RAMs. 


RASO-3:Row Address Strobe Outputs - 
When RFSH is HIGH 


the selected row address strobe output (decoded from signals 
BO,B1) follows the RASIN input. When RFSH is LOW all RAS 
outputs go LOW together following RASIN going LOW. 
AUTO: Auto-Access 
Input 
- 
When AUTO is LOW and 


RFSH is HIGH the Auto-Access mode is selected (see Auto- 
Access mode description). 


RFSH: Refresh Input - 
When RFSH is LOW the Refresh 


mode is selected (see Refresh mode description). 


Monolithiom MenlOries 


Externally-Controlled-Access 
Mode 
(ECA) 


In this mode. selected 
when AUTO and RFSH are held HIGH. the 


673103 serves as a straightforward 
mUltiplexer 
and driver for the 


address 
and control 
signals 
to the DRAMs. 
The RASm 
output 


selected 
by the BO and B1 inputs 
follows 
the RASIN 
input. and 


each ofthe 
CAS outputs 
follows 
its corresponding 
CASIN 
input. 


When RIG is HIGH 
the row address 
is enabled 
onto 
the 00-9 


outputs 
When RIG is LOW the column 
address 
latch is enabled 


onto QO-9 outputs. 


The RASIN 
- 
RAS. CASIN 
- 
CAS. and RIG - 
00-9 control 


paths are independent 
to allow 
the system 
designer 
maximum 


flexibility 
and 
support 
of 
special 
DRAM 
access 
and 
refresh 


modes 
such 
as NIBBLE 
mode. 
PAGE mode. 
CAS before 
RAS. 
etc. 


To allow 
tighter 
timing 
of the sequence 
of control 
signals 
to the 


Dynamic 
RAM. several difference 
timing 
parameters 
have been 
speCified 
for the 
Externally 
Controlled 
Access 
mode. 
These 


parameters 
specify 
the maximum 
difference 
between 
the various 
"control 
channels" 
of the device. 
In particular. 
using 
switching 


characteristics 
td7 and tdB is very 
useful 
when 
designing 
the 


delay from RASIN going 
LOW to RIG and the delay between RIG 
going 
LOW to CASIN 
going 
LOW 
(see Applications). 


BANK SELECT 
(STROBED 
BY ADS) 
ENABLED RASn 
B1 
BO 


0 
0 
RASO 


0 
1 
RAS1 


1 
0 
RAS2 


1 
1 
RAS3 


--------lR~.. 


10 
tSSR 


"( 
'R'DC 
12ftR'D" 


'r 


'rtCPDH 


AUTO 


C~RC 
Jf'J 
tAUHRC 


RIC 


tRHA 
3 


00-09 
ROW 
COLUMN 


Auto-Access 
Mode (AA) 


In the 
Auto-Access 
mode 
the 
673103 
provides 
the 
system 


designer 
with 
built-in 
delays 
and sequencing 
to accommodate 
DRAMs 
with 
150 nanoseconds 
and 
faster 
access 
time. 
The 
Auto-Access 
mode 
is selected 
when 
AUTO 
is held 
LOW 
and 


RFSH pin is held HIGH. 
The Ric input 
is disabled, 
and RASIN 


goes LOW 
initiating 
the sequence 
of control 
signals 
to access 
the DRAMs. 
The CASINO-1 
inputs 
are used as enables 
for the 
respective 
CAS outputs. 
A LOW on a CASINn 
input enables 
the 


RO-R9 
CO-C9 
BO-B1 


7 


tSSR 


CASn 
output 
to be driven 
LOW 
with 
the 
internally-generated 


delay from 
RAS. Each CASn 
output 
goes HIGH 
only when 
the 
corresponding 
CASINn 
input 
goes 
HIGH, 
and 
the 
address 
switches 
back 
to row address 
only 
when 
all CASIN 
go HIGH. 


This 
feature 
allows 
extension 
of the CAS 
LOW 
time 
and 
the 


column 
address 
time, while 
RASIN 
and RASm 
can go HIGH 
to 
satisfy 
precharge 
requirements 
of the dynamic 
RAMs. The Ric 


input 
is disabled 
in this mode. 


Refresh 
Mode (RFSH) 


When RFSH is held LOW the refresh counter contents are 
enabled onto the 00-9 address outputs, provided either RiG is 
held HIGH, or AUTO is held LOW, or both conditions exist. In 
this mode all four RAS outputs follow the RASIN input signal. 
The refresh counter increments the refresh address when either 
RASIN or RFSHgoes HIGH while the other is LOW.When AUTO 
is LOW the CASIND-1 inputs are isolate~ and CASO-1are held 
HIGH. Also, when AUTO is LOW the R/C input is isolated from 
the output multiplexer, and the refresh address appears at the 
00-9 outputs. 


When AUTO is HIGH, pulling RiG LOW enables the column 
address onto the 00-9 outputs. Also, each of the CAS outputs 
follows its respective CASIN input. This feature may be used 


when implementing error correction and detection "scrubbing" 
for two-bank memory arrays. "Scrubbing" isa term describing a 
cyclic error correction of soft errors in the memory array, done 
within the refresh cycles. On every refresh cycle one location of 
the memory array isaccessed,and the data in that location goes, 
if necessary, through a correction cycle (a read-modify-write 
memory cycle). The 673103 provides the facilities to force a 
column address onto the 00-9 address outputs and to assert the 
CASO-1 outputs within a refresh cycle to allow scrubbing. A 
column counter and a bank counter need to beadded externally 
to provide the column address for scrubbing. 


The refresh counter isa lO-bit counter that resetsto 0 on power- 
up and rolls over to 0 at 1023. 


2.- 
tRCSRF 


3 
tAUSRF 


RO-R9 
CO-C9 
80-81 


RASm, 
CASn, 
WE 


t CTZL 


t CTZH 


RO·R9 
CO-C9 


t AZL 


t AZH 


ADS 


tAPD 


tSPD 
2 


00-09 
N·1 
N 
N+1 


(NOTE) 


Absolute 
Maximum 
Ratings 
(See Note) 


Supply 
voltage, 
VCC 
" 
, 
, 
, 
,." 
, 
-0.5 V to 7 V 
Storage 
temperature 
range 
.......•..•. 
, .......•... 
, 
, 
, 
" 
-65°C 
to +150°C 
Input voltage 
, .. , ............................•....•............................................... 
-1.5 V to 5.5 V 


Output 
current 
.....................................•.......•........•..•.. 
, ...•........•...................... 
150 mA 


Lead temperature 
(soldering, 
10 seconds) 
300°C 


Note: 
"Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. 
They are not meant to imply that the device should 
be operated at these limits. The table of operating conditions provides conditions for actual device operation. 


SYMBOL 
PARAMETER 
FIGURE/ 
673103A 
673103 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


VCC 
Supply 
voltage 
4.5 
5.5 
4.5 
5.5 
V 


TA 
Ambient 
temperature 
0 
75 
0 
75 
C 


tASA 
Address 
setup time to ADS LOW 
8/1 
18 
18 
ns 


tADS 
Address 
strobe 
pulse width 
HIGH 
26 
26 
ns 


tAHA 
Address 
hold time from 
ADS LOW 
8/2 
10 
10 
ns 


EXTERNALLY 
CONTROLLED 
ACCESS 
PARAMETER 


tADHAR 
ADS LOW hold from 
RASIN 
HIGH 
3/7 
0 
0 
ns 


tBSR 
Bank select setup to RASIN 
LOW (ADS = HIGH) 
3/8 
10 
10 
ns 


tBSH 
Bank select hold from 
RASIN 
HIGH 
(ADS = HIGH) 
3/9 
10 
10 
ns 


tSSR 
Address 
strobe 
HIGH 
setup to RASIN 
LOW (BO, B1 STABLE) 
3/10 
20 
20 
ns 


tAUHE 
AUTO 
hold from 
RASIN 
HIGH 
3/4 
55 
55 
ns 


tAUSRC 
AUTO 
HIGH 
setup to R/C 
LOW 
5/1 
25 
25 
ns 


tAUHRC 
AUTO 
HIGH 
hold from 
R/C 
HIGH 
5/2 
10 
10 
ns 


tAUSCA 
AUTO 
HIGH 
setup to CASIN 
LOW 
4/1 
45 
45 
ns 


tAUHCA 
AUTO 
HIGH 
hold from 
CASIN 
HIGH 
4/2 
0 
0 
ns 


tAUS 
AUTO 
setup to RASIN 
LOW 
3/3 
0 
0 
ns 


tRFSR 
RFSH HIGH 
setup to RASIN 
LOW 
(to guarantee 
tASR) 
3/1 
10 
10 
ns 


tRFHR 
RFSH HIGH 
hold from 
RASIN 
HIGH 
3/2 
10 
10 
ns 


AUTOMATIC 
ACCESS 
PARAMETER 


tADHAR 
ADS LOW hold from 
RASIN 
HIGH 
3/7 
0 
0 
ns 


tBSR 
Bank select setup to RASIN 
LOW (ADS = HIGH) 
6/12 
10 
10 
ns 


tBSH 
Bank select hold from 
RASIN 
HIGH 
(ADS = HIGH) 
3/9 
10 
10 
ns 


tASRL 
Address 
setup to RASIN 
LOW (ADS = HIGH) 
6/4 
30 
30 
ns 
(tASRL = td2 max to guarantee 
tASR) 


tAUS 
AUTO 
setup to RASIN 
LOW 
6/5 
0 
0 
ns 


tRFSR 
RFSH HIGH 
setup to RASIN 
LOW 
(to guarantee 
tASR) 
6/6 
10 
10 
ns 


tSSR 
Address 
strobe 
HIGH 
to RASIN 
LOW (BO, B1 STABLE) 
6/7 
20 
20 
ns 


tCASR 
CASINO-1 
setup to RASIN 
LOW 
6/8 
-30 
-30 
ns 


tAUH 
AUTO 
hold from 
RASIN 
HIGH 
6/9 
50 
, 


50 
ns 


tAUCH 
AUTO 
LOW hold from 
CASIN 
HIGH 
6/10 
0 
0 
ns 


REFRESH 
PARAMETER 


tAUHRF 
AUTO 
LOW hold from 
RFSH HIGH 
(R/C 
LOW) 
711 
10 
10 
ns 


tRCSRF 
R/C 
HIGH 
setup to RFSH LOW (AUTO 
HIGH) 
7/2 
20 
20 
ns 


tAUSRF 
AUTO 
LOW setup to RFSH LOW (R/C 
LOW) 
7/3 
20 
20 
ns 


IRCHRF 
R/C 
HIGH 
hold from 
RFSH HIGH 
(AUTO 
HIGH) 
7/4 
10 
10 
ns 


tRFH 
RASIN 
HIGH 
during 
refresh 
7/10 
30 
30 
ns 


tRFOS 
RFSH LOW setup to RASIN 
LOW (to guarantee 
tRFS) 
7/14 
30 
30 
ns 


SYMBOL 
PARAMETER 
CONDITIONS 
FIGURE/ 
MINTYPMAX 
UNIT 
NUMBER 


V,C 
Input clamp 
voltage 
IIN = -18 mA, VCC = MIN 
-0.8 
-1.2 
V 


IIH 
Input 
high current 
VIN = 2.7 V, VCC = MAX 
50 
I'A 
----- 
VOUT = 0.4 V, VCC = MAX 
-1.5 
-2.5 
mA 
ICTL 
Output 
load current 
for RAS, CAS, WE 
Chip deselect 


IlL 
Input 
low current 
except 
for RFSH 
VIN = 0.4 V, VCC = MAX 
-20 
-250 
I'A 


IILRF 
Input 
low current 
for RFSH 
V,N = 0.4 V, VCC = MAX 
-80 
-500 
I'A 


VIL 
Input 
low threshold 
(Note 
1) 
08 
V 


VIH 
Input 
high threshold 
(Note 
1) 
2.0 
V 


VOl1 
Output 
low voltage 
lOUT = 1 mA, VCC = MIN 
0.5 
V 


VOL2 
Output 
low voltage 
lOUT = 12 mA, VCC = MIN 
0.8 
V 


VOH 
Output 
high voltage 
lOUT = -1 mA. VCC = MIN 
2.4 
3.0 
V 


'OH 
Output 
source 
current 
(Note 2) 
VOUT = 0.8 V, VCC = MIN 
-50 
-140 
mA 


10L 
Output 
sink current 
(Note 2) 
VOUT = 2.4 V, VCC = MIN 
40 
100 
mA 


10Z 
Three-state 
output 
current 
(address 
output) 
0.4 V:s VOUT:S 
2.7 V 
-50 
50 
I'A 
VCC = MAX, Chip deselect 


ICC 
Supply 
current 
VCC = MAX 
170 
260 
mA 


CIN 
Input 
capacitance 
TA = 25°C 
. 
10 
pF 


SYMBOL 
EXTERNALLY 
CONTROLLED 
ACCESS 
PARAMETER 
FIGURE/ 
673103A 
673103 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


tRHA 
Row addresses 
remaining 
valid from 
R/C LOW 
5/3 
0 
0 
ns 


tRPDL 
RASIN 
to RAS LOW delay 
3/11 
20 
20 
ns 


tRPDH 
RASIN 
to RAS HIGH 
delay 
3/12 
31 
31 
ns 


tAPD 
Address 
input to output 
delay 
9/2 
50 
50 
ns 


twPDL 
WEIN 
to WE LOW delay 
45 
45 
ns 


twPDH 
WEIN to WE HIGH 
delay 
40 
40 
ns 


tCPDL 
CASIN 
to CAS LOW delay 
4/3 
28 
28 
ns 


tCPDH 
CASIN 
to CAS HIGH 
delay 
4/4 
40 
40 
ns 


tRCC 
Column 
select to column 
address 
valid 
5/5 
41 
41 
ns 


tRCR 
Row select to row address 
valid 
5/6 
45 
45 
ns 


td1 
(CASIN 
to CAS LOW delay)-(RASIN 
to RAS LOW delay) 
-2 
13 
-2 
13 
ns 


td2 
(Address 
input to output 
delay)-(RASIN 
to RAS LOW delay) 
30 
30 
ns 


td3 
(Address 
input 
to output 
delay)-(CASIN 
to CAS LOW delay) 
-5 
23 
-5 
23 
ns 


td4 
Skew between 
address 
output 
lines 
10 
10 
ns 


td5 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-7 
13 
-7 
13 
ns 


1d6 
(CASIN 
to CAS HIGH 
delay)-(CASIN 
to CAS LOW delay) 
-12 
12 
-12 
12 
ns 


tSPD 
ADS HIGH 
to address 
output 
valid 
9/1 
55 
55 
ns 


tRCHC 
Column 
addresses 
remaining 
valid from 
RlC 
HIGH 
5/4 
0 
0 
ns 


td7 
tRPDL 
-tRHA 
13 
13 
ns 


td8 
tRCC-tCPDL 
20 
20 
ns 


-100 
0 
100 


dC-pF 


Change in Propagltlon 
DeilY. va. Change In LoadIng 


Cepacltance Relltlve to the Specified Load 


TEST 
S1 
S2 
CL 
MEASURED AT 


tpD 
Open 
Closed 
500 pF 
0.8 V,2.4V 


tpZH 
Closed 
Closed 
500 pF 
2.4 V 


lpHZ 
Open 
Closed 
15 pF 
VOH -0.5 V 


tpZL 
Closed 
Closed 
500 pF 
0.8V 


tpLZ 
Closed 
Open 
15 pF 
VOL +0.5 V 


Addres. Driver 
Output Stage 


VCCI 
Sl 


Rl 


873103 
1.2KII 


TEST 
POINT 


DEVICE I 


CL 
R2 


OUTPUT 
SOOIl 


S2 


~ 


Note: 
Input pulse 0 V to 3.0 V. tR = IF = 2.5 ns. f = 1 MHz. tpw = 200 ns 
Input reference 
point on AC measurements 
is 1.5 V. 
Output 
reference 
points 
are 2.4 V for HIGH and 0.8 V for LOW. 


TEST 
S1 
S2 
CL 
MEASURED AT 


tpD 
Open 
Closed 
CL 
0.8 V, 2.4 V 


tpZH 
Open 
Closed 
CL 
2.4V 


tpHZ 
Open 
Closed 
15 pF 
VOH-0.5V 


tpZL 
Open 
Open 
CL 
0.8V 


tpLZ 
Open 
Open 
15 pF 
VOL +0.5 V 


Control Driver 
Output Stage 


Monolithic W Memories 


Applications 


Microprocessor 
Interface 


The 673103 Dynamic 
RAM controller 
provides 
the address 
and 
control 
signals 
required 
to access 
and refresh 
dynamic 
RAMs. 
When interfaced 
toa 16-bit microprocessor, 
some external 
logic 
is required 
to generate 
a refresh 
clock 
as well 
as to perform 
access/refresh 
arbitration 
and 
interface 
handshake 
functions. 
Two PAL® devices 
may be used to perform 
these functions, 
as 
shown 
in Figure 
1. One 
PAL device 
is used 
to generate 
the 


refresh 
clock, 
while the other 
performs 
all arbitration 
and hand- 
shake functions. 
A hidden 
refresh 
(refresh 
which 
is transparent 
to the 
system) 
scheme 
is implemented 
in the 
interface 
PAL 
device 
which 
takes advantage 
of "free" 
system 
time to refresh 
the memory, 
and 
falls 
back 
to "forced" 
refresh 
when 
hidden 
refresh 
cannot 
be performed. 


t 
~ 
~ 


DYNAMIC 
, 
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DECODER 
T 
RASO 
RAS 


CSO -. 
09-0 
A9-D 
BANKO 
• 
CAs-I 
• =l 
• 
WE 
CAS 
ts7 
673103 
r 
t 
CPU 


DYNAMIC RAM 
Lcs 


CONTROLLER 
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RFCK 
r 
t 
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, 
015·8 
07-0 
CLK 


RAS2 
RAS 
I 
J 


, 
A9-o 
BANK2 


WE 
CAS' I 
CAS 


RFCK 
T 
-r" 
CASO 


REFRESH 
CAS1 


CLOCK 
GENERATOR 
PAL 
015-8 
07·0 


RAS3 
RAS 
I 
A9-0 
, 
BANK3 


RIW 
WEIN 
WE 
WE 
CASI 
CAS 


UDS 
CASIN1 
CAS1 
T 
T 


LOS 
, 
I 
015-0 
CASINO 
CASO 


'1' 
1 
DATA 
015·8 
, 
07-0 


Determining 
System Performance 


(Auto-Access) 


When 
determining 
system 
performance 
the 
dynamic 
RAM 


parameters 
must be considered 
as well as the controller's 
prop- 


agation 
delays. 
For both 
read and write 
cycles 
the access time 


for the dynamic 
RAM is tRAC (Data access time from RAS going 


LOW) ortCAC 
(Data access time from CAS going 
LOW), which- 


ever 
results 
in the 
later 
appearance 
of data 
at the 
Dynamic 
RAM output. 
Since 
the RAS and CAS coming 
out of the con- 


troller 
are initiated 
by the RASIN, 
the controller-memory 
per- 
formance 
is measured 
from the RASIN 
HIGH-to-LOW 
transition 


(see Figure 
2). 


The time from 
RASIN 
to data is calculated 
to be the longer 
of: 


tRICL 
+ tCAC 
(RASIN 
to CAS + CAS to data) 


lRPDL 
+ tRAC 
(RASIN 
to RAS + RAS to data) 


Table 
1 illustrates 
the access 
times 
from 
RASIN 
achieved 
for 


various 
dynamic 
RAM speeds. 


PARAMETER 


CONTROLLER/MEMORY 


lRAC 
tRPDL 
tCAC 
tRICL 
ACCESS 
TIME 
FROM 
RASIN 


673103/HM256-12 
120 
20 
60 
85 
145 


673103A1HM256-12 
120 
20 
60 
75 
140 


673103/HM256-15 
150 
20 
75 
85 
170 


673103A1HM256-15 
150 
20 
75 
75 
170 


673103/MB8265A-l0 
100 
20 
50 
85 
135 


673103A1MB8265A-l0 
100 
20 
50 
75 
125 


673103/MB8265A-12 
120 
20 
60 
85 
145 


673103A1MB8265A-12 
120 
20 
60 
75 
140 


673103/IMS262D-l0 
100 
20 
60 
85 
145 


6731 03A11MS2620-1 0 
100 
20 
60 
75 
135 


673103/IMS2620-12 
120 
20 
70 
85 
155 


673103A11MS2620-12 
120 
20 
70 
75 
145 


673103 Parameters 


tRPDL 
- 
RASIN 
LOW to RAS LOW delay 


lRICL 
- 
RASIN 
TO CAS LOW delay 


DRAM 
Parameters 


tRAC 
- 
Access 
time from 
RAS LOW 


lCAC 
- 
Access 
time from 
CAS LOW 


Using the Externally Controlled Access 


In the Externally Controlled Access mode RASIN controls the 
selected RASoutput, CASINO-1control CASO-1outputs respec- 
tively and Rie controls the address multiplexer. The system 
designer may create, using the RASIN, CASIN and RIG inputs, 
the required control signal sequence for the specific system 
being designed. Special dynamic RAM access modes such as 


Nibble mode and Page mode access'cycles may be performed 
simply by toggling the appropriate control inputs. Special skew 
timing specifications have been specified to allow tighter timing 
control as outlined in the following examples. Both following 
examples relate to the scheme depicted in Figure 3. 
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Externally 
Controlled 
Access (ECA) 
(Continued) 


Example 
1: Computing 
RASiiii to R/C Delay 


The 
delay 
between 
RASIN 
going 
LOW 
to RIG going 
LOW 


(tRASINRC) 
which 
is required 
in order 
to satisfy 
the dynamic 
RAMs' 
row address 
hold time (tRAH) 
is computed 
as follows: 


tRASINRC 
= tRAH(min) 
+ td7 


Where: 


tRAH(min) 
- 
Row address 
hold time (dynamic 
RAM parameter) 


'd7(max) 
= tRPDL-tRHA 


tRPDL 
- 
RASIN 
to RAS LOW delay 


tRHA 
- 
Row address 
held valid from RIG LOW 


Example 
2: Computing 
R/C to CASiN Delay 


The 
delay 
between 
Rie going 
LOW 
to 
going 
CASIN 
LOW 


(tRCCASIN) 
which 
is required 
in order 
to satisfy 
the dynamic 
RAMs' column 
address 
setup 
(tASC) 
is computed 
as follows: 


tRCCASIN 
= tAsc(min) 
+ tda + tpDF32(max) 


Where: 


tASC(min) 
- 
Column 
address 
setup (dynamic 
RAM parameter) 


'da(max) 
= tRCC-tCPDL 


tRCC - 
R/C low to column 
address 
valid 


tCPDL 
- 
CASIN 
to CAS LOW delay 


tpDF32(max) 
- 
Propagation 
delay 
of the 
OR gate 
used 
to 


validate 
CASIN 


Better 
system 
performance 
may be achieved 
using 
the td7. tda 
sWitching 
parameters 
to calculate 
tRASINRC 
and tRCCASIN 


than when using the tRPDL. tRCDL. 
tRCC and tRHA parameters 


(see 
td7, 
tda 
in 
Externally 
Controlled 
Access 
switching 
parameters). 


i-Megabit 
Dynamic RAM 
Controller / Driver 


673104 
673104A 


Features/ 
Benefits 


• 
Supports 
up to 1 M DRAMs 


• 
Capable 
01 addressing 
up to 16 M bytes 


• 
On-chip 
capacitive-load 
drivers 
capable 
01 driving 
up to 88 
DRAMs 
with 30-nsec 
typical 
address 
propagation 
delay and 
128 DRAMs 
with 35-nsec 
typical 
address 
propagation 
delay 
• RASiN 
to RAS delay 
01 23 
nsec 
max (RAS driving 
32 
DRAMs) 


• 
Max and Mln skews 
are specilled 
to simplify 
system 
design 


• 
Four CASi'N Inputs 
and 
lour 
CAS outputs 
slmpilly 
byte 
addressing 


• 
An Auto-Access 
mode 
with 
extended 
CAS capability 
takes 
advantage 
01 lull performance 
01120- and 150-nsec 
DRAMs 


• 
An output 
series 
resistor 
reduces 
undershoot 


Modes of Operation 


• 
Externally 
Controlled 
Access 
(ECA) 


• 
Auto 
Access 
(AA) 


• 
Refresh 


I 
I~I~~~~~ B 
~ 
G 
~ 
0 


PART NUMBER 
PACKAGE 
TEMPERATURE 


673104 
640. 68NL. 68NP 
Com 
673104A 


673104 
673104A 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara. CA 95054-1592 
Tel: (408) 970-9700 TWX: 910-338-2374 
9·46 
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Indicates that there is a 3-Kn pull-up resistor on these outputs when they are disabled 


Figure 1. 673104 
Functional 
Block Diagram 


Description 


The 
673104 
is an LSI device, 
provided 
in 54-pin 
and 
68-pin 


packages, 
which 
performs 
most 
of the 
functions 
needed 
to 


control 
and address 
Dynamic 
RAMs. Twenty-two 
address inputs. 
ten address 
outputs, 
four 
RAS outputs, 
and four 
CAS IN-CAS 
input-output 
pairs 
allow 
the 673104 
to directly 
address 
16 M 


by1es. The 
four 
CASINn 
inputs 
and 
the 
four 
CASn 
outputs 


simplify 
individual 
byte 
access 
in 32-bit 
wide 
memory 
arrays 


(see Figure 
2). 


The 673104 has three operating 
modes: 
• 
Externally 
Controlled 
Access 
(ECA) 


• 
Auto Access 
(AA) 
• 
Refresh 
(RFSH). 


The Externally-Controlled-Access 
mode gives the system direct 


control 
over the RASm outputs, 
the CASn outputs, 
and Row/Co- 


lumn multiplexing. 
It also supports 
PAGE mode access, NIBBLE 


mode access 
and static column 
mode 
access. 


The Auto-Access 
mode provides 
on-chip 
delays 
that automati- 


cally control 
the tim~delays 
between 
RASm signals. 
address 


multiplexing, 
and 
CASn 
signals. 
In 
the 
Auto-Access 
mode 


CASINO-3 
inputs 
serve as enables 
for the 
respective 
CASO-3 
outputs, 
allowing 
the access 
of any byte of the memory 
array 


(for 32-bit 
wide memory 
arrays 
organized 
in four bytes). 
In this 


mode 
CASO-3 
outputs 
go 
HIGH 
only 
when 
the 
respective 


CASINO-3 
inputs 
go HIGH, 
and the address 
switches 
back 
to 


row address 
only when CASINO-3 
go HIGH. 
This feature 
allows 


extension 
of the CAS LOW time and column 
address 
time while 


RASIN 
and 
RASm 
can 
go 
HIGH 
to 
satisfy 
the 
precharge 


requirements 
of the dynamic 
RAMs. 


When the Refresh 
mode 
is selected 
(RFSH 
is LOW) an on-chip 
refresh 
counter 
provides 
the refresh 
address; 
with AUTO 
HIGH 
and Rie 
LOW 
the column 
address 
is forced 
onto 
the address 


output 
multiplexer, 
facilitating 
an access of a partiCUlar memory 


location 
while 
refreshing 
a row. This feature 
may be useful when 


implementing 
error 
detection 
and correction 
scrUbbing. 


The 673104 can drive sixteen 
banks 
of DRAMs. 
RASm 
control 


signals 
are used to select 
four 
banks, 
while 
leaving 
the other 


twelve 
banks 
in standby. 
The 
four 
CASn 
outputs 
enable 
the 


selection 
of one bank out of four. The address 
lines and the WE 
signal 
can be connected 
to all sixteen 
banks. 
In a 32-bit 
wide, 


byte-oriented, 
memory 
array the RASm signals 
select one out of 


four banks while 
the CASn signals 
select the bytes, as shown 
in 


Figure 
2. 


Bank3 


~S3 


Bank2 


~S2 


ADDRESS 


4 
00-Q9 
Bank1 
4 
WE 


~1 


Each RAS output 
drives 
32 DRAMs 


Each CAS output 
drives 
32 DRAMs 


BankO 
Each 00-9 output 
drives 
128 DRAMs 


~SO 


WE output 
drives 
128 DRAMs 


Pin Definitions 


VCC, 
GND: 
VCC-GND 
= 5 V ±10%. The supply 
pins have been 
assigned 
to the center 
of the package 
to reduce 
voltage 
drops, 
both 
DC and AC, 
A low 
inductance 
connection 
between 
the 
ground 
pin and a solid ground 
plane will minimize 
fluctuations 
in 
the ground 
level of the device that may occur 
when the address 
outputs 
switch 
from HIGH to LOW simultaneously. 
A 1-J.lFmulti- 
layer ceramic 
capacitor 
in parallel 
with a low voltage 
tantalum 
capacitor. 
both connected 
close to the VCC and GND pins, will 


properly 
decouple 
the device. 


RO-R9: Row Address 
Inputs 


CO-C9: Column 
Address 
Inputs 


BO-B1: Bank-Pair 
Select 
Inputs 
- 
Strobed 
by ADS. Decoded 
to 
enable 
one of the RAS outputs 
when 
RASIN 
goes LOW in the 
access 
modes. 


00-09: 
Multiplexed 
Address 
Outputs 
- 
Selected 
from the row 
address 
input 
latch, 
the 
column 
address 
input 
latch, 
or the 
refresh 
counter. 


RAiiN: 
Row Address 
Strobe 
Input - 
Drives the selected 
RASm 
output 
in the access 
modes 
and all RAS outputs 
in the Refresh 
mode. 


ADS: 
Address 
(Latch) 
Strobe 
Input 
- 
Strobes 
input 
row 
address. 
column 
address. 
and 
Bank 
Select 
inputs 
into 
the 
respective 
latches 
when 
HIGH; 
latches 
on 
HIGH-to-LOW 


transition. 


OE: Output 
Enable- 
When OE is LOW the address 
and control 
outputs 
are enabled. 
When OE is HIGH the address 
outputs 
are 
in high-impedance 
and the control 
outputs 
are pulled 
HIGH. 


R/C: Row/Column 
Select 
Input 
- 
In the Externally-Controlled- 
Access, 
it is used to select either 
the row address 
input 
latch or 


the column 
address 
input 
latch onto the address 
outputs. 
In the 


Refresh 
mode, when AUTO 
is HIGH. 
it is used to select between 


the refresh 
address 
(RiG" HIGH) 
and the column 
address 
(RiG" 


LOW). When AUTO 
is LOW RiG' is disabled. 


CASiNo-3: 
Column 
Address 
Strobe 
Inputs 
- 
In the Externally- 


Controlled-Access 
mode the CASINn 
directly 
drives CASn out- 


put. 
In the Auto-Access 
mode, 
it is used to enable 
the corres- 


ponding 
CASn 
output 
(See CASO-3 description). 


WEiiii: 
Write 
Enable 
Input. 


WE: Write 
Enable 
Output. 


CASO-3: 
Column 
Address 
Strobe 
Outputs 
- 
In the Externally- 


Controlled-Access 
mode 
the 
CAS 
outputs 
follow 
the 
CASIN 
inputs. 
In the Auto-Access 
mode 
the CASIN 
inputs 
are used to 
enable the CAS outputs. 
but the CAS outputs 
are asserted 
LOW, 


with proper 
delay from 
the RAS output. 
by the RASIN signal 
via 
the Auto-Access 
timing 
generator. 
In the Auto-Access 
mode. the 


'CASn goes HIGH 
only 
when 
the corresponding 
CASINn 
goes 


HIGH. 
Extending 
the CASn 
LOW 
duration 
while RASiN and 


RASm 
go 
HIGH 
satisfies 
the 
precharge 
requirement 
of 
the 
dynamic 
RAMs. 


RASO-3: Row Address 
Strobe 
Outputs 
- 
When RFSH is HIGH 


the selected 
row address 
strobe 
output 
(decoded 
from 
signals 


BO. B1) follows 
the RASIN 
input. 
When 
RFSH 
is LaWall 
RAS 
outputs 
go LOW together 
following 
RASIN 
going 
Law. 


AUTO: Auto-Access 
Input 
- 
When 
AUTO 
is LOW 
the Auto- 


Access 
mode 
is selected 
(see Auto-Access 
mode 
description). 


RFSH: Refresh 
Input 
- 
When 
RFSH is LOW the Refresh 
mode 
is selected 
(sEle Refresh 
mode 
description). 


Externally-Controlled-Access 
Mode 
CECA) 


In this mode, selected when AUTO and RFSHare held HIGH, the 
673104servesasa straightforward multiplexer and driver for the 
address and control signals to the DRAMs. The RASm output 
selected by the BOand B1 inputs follows the RASIN input, and 
each ofthe CAS outputs follows its corresponding CASIN input. 
When RIG is HIGH the row address is enabled onto the QO-9 
outputs. When RIG is LOW the column address latch is enabled 
onto QO-9outputs. 


The RASIN - 
RAS, CASIN - 
CAS, and RIG - 
00-9 control 


paths are independent to allow the system designer maximum 
flexibility 
and support of special DRAM access and refresh 


modes such as NIBBLE mode, PAGE mode, CAS before RAS, 
etc. 


To allow tighter timing of the sequence of control signals to the 
Dynamic RAM, several difference timing parameters have been 
specified for the Externally Controlled Access mode. These 


parameters specify the maximum difference between the various 
"control channels" of the device. In particular, using switching 
characteristics td7 and tdB is very_usefUl when designing th~ 
delay from RASIN going LOW to RIC and the delay between RIC 
going LOW to CASIN going LOW (see Applications). 


BANK SELECT 
(STROBED 
BY ADS) 


ENABLED 
RASn 


B1 
BO 


0 
0 
RASO 


0 
1 
RAS1 


1 
0 
RAS2 


1 
1 
RAS3 


10 
tSSR 


11 ( 
t.m 


-~, 


tAUSCA 


'r 


4r 


'CPDH 


MonolithicW Memories 


AUTO 


k~RC 
,]8 
tAUHRC 


R/C 


tRHA 


00-09 
COLUMN 


Auto-Access 
Mode (AA) 


In the Auto-Access 
mode the 673104 provides the system 
designer with built-in delays and sequencing to accommodate 
DRAMs with 150 nanoseconds and faster access time. The 
Auto-Access mode is selected when AUTO is held LOW and 
RFSH is held HIGH. The RIG input isdisabled, and RASIN going 
LOW initiates the sequence of control signals to access the 
DRAMs. The CASIND-3 inputs are used as enables for the 
respective CAS outputs. A LOW on a CASINn input enables the 


RO-R9 
CO·C9 
80·81 


CASn output to be driven LOW with the internally generated 
delay from RAS. Each CASn output goes HIGH only when the 
corresponding 
CASINn input goes HIGH, and the address 
switches back to row address only when all CASIN go HIGH. 
This feature allows extension of the CAS LOW time and the 
column address time, while RASIN and RASm can go HIGH to 
satisfy precharge requirements of the dynamic RAMs. The RIG 
input is disabled in this mode. 


7 


tSSR 


14-23 


tRCDL 


Refresh Mode (RFSH) 


When RFSH is held LOW the refresh counter contents are 
enabled onto the 00-9 address outputs, provided either RIG is 
held HIGH, or AUTO is held LOW, or both conditions exist. In 
this mode all four RAS outputs follow the RASIN input signal. 
The refresh counter increments the refresh address when either 
RASIN orRFSH goes HIGH while the other is Law. When AUTO 
is LOW the CASIND-3 inputs are isolated and CASD-3are held 
HIGH. Also, when AUTO is LOW the RIG input is isolated from 
the output multiplexer, and the refresh address appears at the 
00-9 outputs. 


When AUTO is HIGH, pulling RIG LOW enables the column 
address onto the 00-9 outputs. Also, each of the CAS outputs 
follows its respective CASIN input. This feature may be used 


when implementing error correction and detection "scrubbing" 
for four-bank memory arrays. "Scrubbing" isaterm describing a 
cyclic error correction of soft errors in the memory array, done 
within the refresh cycles. On every refresh cycle one location of 
the memory array isaccessed and the data in that location goes, 
if necessary, through a correction cycle (a read-modify-write 
memory cycle). The 673104 provides the facilities to force a 
column address onto the 00-9 address outputs and to assert the 
CASO-3 outputs within a refresh cycle to allow scrubbing. A 
column counter and a bank counter needto be added externally 
to provide the column addresses for scrubbing. 


The refresh counter isa 10-bit counter that resets toO on power- 
up and rolls-over to 0 at 1023. 


2 -..- 
t RCSRF 
3 
tAUSRF 


RO·R9 
CO·C9 
80-81 


RASm, 
CASn, 
WE 


t CTZl 


t CTZH 


RO-R9 
CO-C9 


t AZl 


t AZH 


ADS 


tAPD 


tSPD 
2 


00-09 
N-1 
N 
N+1 
(NOTE) 


Absolute Maximum Ratings 
(See Note) 


Supply 
voltage, 
VCC 
............................................•.........•...........•.........•......... 
-0.5 V to 7 V 
Storage 
temperature 
range..... 
.......................•....... 
-65°C 
to +150°C 
Input voltage 
........................................•.................................................. 
-1.5 V to 5.5 V 
Output 
current 
............................•..•..........•.................................•.....••............ 
150 mA 
Lead temperature 
(soldering, 
10 seconds) 
300°C 


SYMBOL 
PARAMETER 
FIGUREI 
673104A 
673104 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


VCC 
Supply 
voltage 
4.5 
5.5 
4.5 
5.5 
V 


TA 
Ambient 
temperature 
0 
75 
0 
75 
C 


tASA 
Address 
setup time to ADS LOW 
8/1 
18 
18 
ns 


tADS 
Address 
strobe 
pulse width 
HIGH 
26 
26 
ns 


tAHA 
Address 
hold time from 
ADS LOW 
8/2 
10 
10 
ns 


EXTERNALLY 
CONTROLLED 
ACCESS 
PARAMETER 


tADHAR 
ADS LOW hold from 
RASIN 
HIGH 
317 
0 
0 
ns 


tBSR 
Bank select setup to RASIN 
LOW (ADS = HIGH) 
3/8 
10 
10 
ns 


tBSH 
Bank select hold from 
RASIN 
HIGH 
(ADS = HIGH) 
3/9 
10 
10 
ns 


tSSR 
Address 
strobe 
HIGH 
setup to RASIN 
LOW (BO, B1 STABLE) 
3/10 
20 
20 
ns 


tAUHE 
AUTO 
hold from 
RASIN 
HIGH 
3/4 
55 
55 
ns 


tAUSRC 
AUTO 
HIGH 
setup to R/C 
LOW 
5/1 
25 
25 
ns 


tAUHRC 
AUTO 
HIGH 
hold from 
R/C 
HIGH 
5/2 
10 
10 
ns 


tAUSCA 
AUTO 
HIGH 
setup to CASIN 
LOW 
4/1 
45 
45 
ns 


tAUHCA 
AUTO 
HIGH 
hold from 
CASIN 
HIGH 
4/2 
0 
0 
ns 


tAUS 
AUTO 
setup to RASIN 
LOW 
3/3 
0 
0 
ns 


tRFSR 
RFSH HIGH 
setup to RASIN 
LOW (to guarantee 
tASR = 0) 
3/1 
10 
10 
ns 


tRFHR 
RFSH HIGH 
hold from 
RASIN 
HIGH 
3/2 
10 
10 
ns 


AUTOMATIC 
ACCESS 
PARAMETER 


tADHAR 
ADS 
LOW hold from 
RASIN 
HIGH 
317 
0 
0 
ns 


tBSR 
Bank select setup to RASIN 
LOW (ADS = HIGH) 
6/12 
10 
10 
ns 


tBSH 
Bank select hold from 
RASIN 
HIGH 
(ADS = HIGH) 
3/9 
10 
10 
ns 


tASRL 
Address 
setup to RASIN 
LOW (ADS = HIGH) 


6/4 
34 
34 
ns 
(tASRL = td2 max to guarantee 
tASR = 0) 


tAUS 
AUTO 
setup to RASIN 
LOW 
6/5 
0 
0 
ns 


tRFSR 
RFSH HIGH 
setup to RASIN 
LOW (to guarantee 
tASR = 0) 
6/6 
10 
10 
ns 


tSSR 
Address 
strobe 
HIGH 
to RASIN 
LOW (BO, B1 STABLE) 
6/7 
20 
20 
ns 


tCASR 
CASINO-1 
setup to RASIN 
LOW 
6/8 
-30 
-30 
ns 


tAUH 
AUTO 
hold from 
RASIN 
HIGH 
6/9 
50 
50 
ns 


tAUCH 
AUTO 
LOW hold from 
CASIN 
HIGH 
6/10 
0 
0 
ns 


REFRESH 
PARAMETER 


tAUHRF 
AUTO 
LOW hold from 
RFSH HIGH 
(R/C 
LOW) 
711 
10 
10 
ns 


tRCSRF 
R/C 
HIGH 
setup to RFSH LOW (AUTO 
HIGH) 
7/2 
20 
20 
ns 


tAUSRF 
AUTO 
LOW setup to RFSH LOW (RIC LOW) 
7/3 
20 
20 
ns 


tRCHRF 
R/C 
HIGH 
hold from 
RFSH HIGH 
(AUTO 
HIGH) 
7/4 
10 
10 
ns 


tRFH 
RASIN 
HIGH 
during 
refresh 
7/10 
30 
30 
ns 


tRFQS 
RFSH LOW setup to RASIN 
LOW (to guarantee 
tRFS) 
7/14 
34 
34 
ns 


SYMBOL 
PARAMETER 
CONDITIONS 
FIGURE/ 
MINTYPMAX 
UNIT 
NUMBER 


VIC 
Input clamp voltage 
IIN = -18 mA, VCC = MIN 
-0.8 
-1.2 
V 


IIH 
Input high current 
VIN = 2.7 V, VCC = MAX 
50 
IJ.A 


ICTL 
Output load current for RAS, CAS, WE 
VOUT = 0.4 V, VCC = MAX 
-1.5 -2.5 
mA 
Chip deselect 


IlL 
Input low current except for RFSH 
VIN = 0.4 V, VCC = MAX 
-20 -250 
IJ.A 


IILRF 
Input low current for RFSH 
VIN = 0.4 V, VCC = MAX 
-80 -500 
IJ.A 


VIL 
Input low threshold (Note 1) 
0.8 
V 


VIH 
Input high threshold (Note 1) 
2.0 
V 


VOU 
Output low voltage 
lOUT = 1 mA, VCC = MIN 
0.5 
V 


VOL2 
Output low voltage 
lOUT = 12mA, VCC= MIN 
0.8 
V 


VOH 
Output high voltage 
lOUT = -1 mA, VCC = MIN 
2.4 
3.0 
V 


IOH 
Output source current (Note 2) 
VOUT = 0.8 V, VCC = MIN 
-50 
-140 
mA 


IOL 
Output sink current (Note 2) 
VOUT = 2.4 V, VCC = MIN 
40 
100 
mA 


IOZ 
Three-state output current (address output) 
0.4 V ~VOUT~ 
2.7 V 
-50 
50 
IJ.A 
VCC = MAX, Chip deselect 


ICC 
Supply current 
VCC= MAX 
190 
280 
mA 


CIN 
Input capacitance 
TA=25°C 
10 
pF 


SYMBOL 
EXTERNALLYCONTROLLED ACCESS PARAMETER 
FIGURE! 
673104A 
673104 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


tRHA 
Row addresses remaining valid from R/C LOW 
5/3 
0 
0 
ns 


tRPDL 
RASIN to RAS LOW delay 
3/11 
23 
23 
ns 


tRPDH 
RASIN to RAS HIGH delay 
3/12 
33 
33 
ns 


tAPD 
Address input to output delay 
9/2 
60 
60 
ns 


!WPDL 
WEIN to WE LOW delay 
50 
50 
ns 


!WPDH 
WEIN to WE HIGH delay 
45 
45 
ns 


tCPDL 
CASIN to CAS LOW delay 
4/3 
28 
28 
ns 


tCPDH 
CASIN to CAS HIGH delay 
4/4 
40 
40 
ns 


tRCC 
Column select to column address valid 
5/5 
50 
50 
ns 


tRCR 
Row select to row address valid 
5/6 
53 
53 
ns 


1d1 
(CASIN to CAS LOW delay)-(RASIN to RAS LOW delay) 
-5 
10 
-5 
10 
ns 


1d2 
(Address input to output delay)-(RASIN to RAS LOW delay) 
34 
34 
ns 


td3 
(Address input to output delay)-(CASIN to CAS LOW delay) 
0 
28 
0 
28 
ns 


td4 
Skew between address output lines 
12 
12 
ns 


1d5 
(RASIN to RAS HIGH delay)-(RASIN to RAS LOW delay) 
-10 
10 
-10 
10 
ns 


td6 
(CASIN to CAS LOW delay)-(CASIN to CAS HIGH delay) 
-12 
12 
-12 
12 
ns 


tSPD 
ADS HIGH to address output valid 
9/1 
64 
64 
ns 


tRCHC 
Column addresses remaining valid from RlC HIGH 
5/4 
0 
0 
ns 


!d7 
IRPDL -tRHA 
16 
16 
ns 


td8 
tRCC-tCPDL 
27 
27 
ns 


SYMBOL 
AUTO 
ACCESS 
PARAMETER 
FIGURE/ 
673104A 
673104 
UNIT 
NUMBER 
MINTYPMAX 
MINTYPMAX 


tRICL 
RASIN 
to CAS LOW delay 
6/20 
83 
90 
ns 


tRCDL 
RAS to CAS LOW delay 
6/23 
30 
73 
30 
80 
ns 


tRPDL 
RASIN 
to RAS LOW delay 
6/13 
23 
23 
ns 


tRPDH 
RASIN 
to RAS HIGH 
delay 
6/14 
33 
33 
ns 


tAPD 
Address 
input 
to output 
delay 
, 
6/16 
60 
60 
ns 


twPDL 
WEIN to WE LOW delay 
50 
50 
ns 


twPDH 
WEIN 
to WE HIGH 
delay 
45 
45 
ns 


tCPDH 
CASIN 
to CAS HIGH 
delay 
6/22 
40 
40 
ns 


tRAH 
Row address 
hold time from 
RAS LOW 
6/17 
15 
15 
ns 


td2 
(Address 
input 
to output 
delay)-(RASIN 
to RAS LOW delay) 
34 
34 
ns 


tSPD 
ADS HIGH 
to address 
output 
valid 
6/19 
64 
64 
ns 


tASC 
Column 
address 
setup to CAS LOW 
6/21 
0 
0 
ns 


tCAHC 
Column 
address 
remaining 
valid from 
CASINQ-3 
HIGH 
6/18 
5 
5 
ns 


tASR 
Row address 
valid before 
RAS LOW 
6/24 
0 
0 
ns 


td5 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-10 
10 
-10 
10 
ns 


REFRESH 
PARAMETER 


tRFLCT 


RFSH LOW to refresh 
address 
valid 
7/5 
50 
50 
(AUTO 
LOW or R/G HIGH) 
ns 


tRFPDL 
RASIN 
LOW to RAS LOW delay during 
refresh 
7/11 
26 
26 
ns 


tRFPDH 
RASIN 
HIGH 
to RAS HIGH 
delay 
during 
refresh 
7/12 
38 
38 
ns 


tRFAH 
Refresh 
address 
held from 
RASIN 
HIGH 
(RFSH LOW) 
7/7 
0 
0 
ns 


tRHNC 
RASIN 
HIGH 
to new refresh 
address 
valid 
7/9 
72 
72 
ns 


tRFAHR 
Refresh 
address 
held from 
RFSH HIGH 
7/6 
0 
0 
ns 


tRFS 
Refresh 
address 
valid to RAS LOW 
7/13 
0 
0 
(provided 
tRFQS 
is satisfied) 
ns 


tRFRDH 
RFSH HIGH 
to RAS HIGH 
(for three 
banks. 
RASIN = LOW) 
7/15 
45 
45 
ns 


td9 
(RASIN 
to RAS HIGH 
delay)-(RASIN 
to RAS LOW delay) 
-9 
16 
-9 
16 
ns 


THREE-STATE 
PARAMETER 


tAZL 
OE LOW to address 
output 
LOW 
10/1 
50 
50 
ns 


tAZH 
OE LOW to address 
output 
HIGH 
10/2 
60 
60 
ns 


tALZ 
OE HIGH 
to address 
output 
HI-Z from 
LOW 
10/3 
35 
35 
ns 


tAHZ 
OE HIGH 
to address 
output 
HI-Z from 
HIGH 
10/4 
25 
25 
ns 


tCTZL 
OE LOW to control 
output 
LOW 
10/5 
50 
50 
ns 


tCTZH 
OE LOW to control 
output 
HIGH 
10/6 
50 
50 
ns 


tcn.z 
OE HIGH 
to control 
output 
HI-Z from 
LOW 
10/7 
35 
35 
ns 


tCTHZ 
OE HIGH 
to control 
output 
HI-Z from 
HIGH 
10/8 
30 
30 
ns 


Note 1: These are absolute voltage levels with respect to the ground pins on the device and includes all overshoots due to system or tester noise. 


Do not attempt to test these values without suitable equipment. 


Note 
2: This test is provided as a monitor of driver output source and sink current capability. Caution should be exercised in testing this parameter. 


One output should be tested at a time and test duration should not exceed one second. 


Note 
3: Output load capacitance 
is typical for four banks of 32 DRAMs with trace capacitance. 


The values are: 00-8 
CL = 800 pF, RASO-3 CL = 250 pF, WE CL = 800 pF, CASo-3 
CL = 300 pF. 


----- 
- 
- - - - 


+15.0 


VCCI 
51 


Rl 
673104 
1.2Kn 


TE5T 


f 


POINT 


Cl 
DEVICE I 


CL 
R2 


"- 
OUTPUT 
soon 
::; 


52 


~ 


-100 
0 
100 


~C·pF 


Change In Propagation Delays VI. Change In Loading 
Capacitance Relative to the Specified Load 


TEST 
S1 
S2 
CL 
MEASURED AT 


tpD 
Open 
Closed 
800 pF 
0.8 V,2.4V 


tpZH 
Closed 
Closed 
800 pF 
2.4 V 


tpHZ 
Open 
Closed 
15 pF 
VOH-0.5V 


tpZL 
Closed 
Closed 
800 pF 
0.8V 


tpLZ 
Closed 
Open 
15 pF 
VOL +0.5 V 


Address Driver 
Output Stage 


Note: 
Input pulse 0 V 10 3.0 V, tR = IF = 2.5 ns, f = 1.0 101Hz, Ipw 
= 200 ns. 


Input reference 
point on AC measurements 
is 1.5 V. 


Output 
reference 
points are 2.4 V for HIGH and 0.8 V for LOW. 


TEST 
S1 
S2 
CL 
MEASURED AT 


tpD 
Open 
Closed 
CL 
0.8 V, 2.4 V 


tpZH 
Open 
Closed 
CL 
2.4V 


tpHZ 
Open 
Closed 
15 pF 
VOH-0.5V 


tpZL 
Open 
Open 
CL 
0.8V 


tpLZ 
Open 
Open 
15 pF 
VOL +0.5 V 


Control Driver 
Output Stage 


Monolithic mMemories 


Applications 


Microprocessor 
Interface 


The 673104 Dynamic RAM Controller provides the address and 
control signals required to access and refresh dynamic RAMs. 
When interfaced to a32-bit microprocessor, some external logic 
is required to generate a refresh clock as well as to perform 
access/refresh arbitration and interface handshake functions. 
For some microprocessors external logic is required also to 


HANDSHAKE 
AND 
ARBITRATION 
CIRCUITRY 


031·0 
• 


DATA 
Y 
32 
II 
> 


< 


decode the address and control signal to arrive at four data 
strobes. A hidden refresh (refresh which is transparent to the 
system) scheme may be implemented in the interface circuitry 
taking advantage of "free" system time to refresh the memory, 
and falling back to "forced" refresh when hidden refresh cannot 
be performed. 


t 031-24 


Determining 
System Performance 
(Auto-Access) 


When determining 
system performance the dynamic 
RAM 
parameters must be considered as well as the controller's prop- 
agation delays. For both read and write cycles the access time 
for the dynamic RAM is tRAC (RAS access time) from RAS 


going LOW or tCAQj9AS 
access time) from CAS going LOW. 
Since the RASand CAS coming out ofthe controller are initiated 
by the RASIN, the controller-memory performance is measured 
from the RASIN HIGH-to-LOW transition (see Figure 2). 


The time from 
RASIN 
to data is calculated 
to be the longer 
of: 


tRICl 
+ tCAC 
(RASIN 
to CAS + CAS to data) 


tRPDl 
+ tRAC 
(RASIN 
to RAS + RAS to data) 


Table 
1 illustrates 
the access 
times 
from 
RASIN 
achieved 
for 
various 
dynamic 
RAM speeds. 


PARAMETER 


CONTROLLER/MEMORY 
tRAC 
tRPDL 
tCAC 
tRICL 
ACCESS 
TIME 
FROM 
RASIN 


673104/HM256-12 
120 
23 
60 
90 
150 


673104A1HM256-12 
120 
23 
60 
83 
143 


673104/HM256-15 
150 
23 
75 
90 
173 


673104A1HM256-15 
150 
23 
75 
83 
. 
173 


6731 04/MB8265A-1 
0 
100 
23 
50 
90 
140 


6731 04A1MB8265A-1 
0 
100 
23 
50 
83 
133 


673104/MB8265A-12 
120 
23 
60 
90 
150 


673104A1MB8265A-12 
120 
23 
60 
83 
143 


6731 04/1MS2620-1 0 
100 
23 
60 
90 
150 


6731 04A11MS262o-1 0 
100 
23 
60 
83 
143 


673104/IMS262o-12 
120 
23 
70 
90 
160 


673104A11MS262o-12 
120 
23 
70 
83 
153 


673104 
Parameters 


tRICl 
- 
RASIN 
lOW 
to CAS lOW 
delay 


tRPDl 
- 
RASIN 
lOW 
to RAS lOW 
delay 


DRAM 
Parameter. 


tRAC 
- 
Access 
time from 
RAS lOW 


tCAC 
- 
Access 
time from 
CAS lOW 


Monolithic mMemories 


Using the Externally 
Controlled 
Access 


In the Externally 
Controlled 
Access 
mode 
RASIN 
controls 
the 


selected 
RAS output, 
CASINO-3 control 
CASO-3 outputs 
respec- 


tively 
and R/C controls 
the address 
multiplexer. 
The 
system 


designer 
may create, 
using 
the RASIN, 
CASIN 
and RiG" inputs, 
the 
required 
control 
signal 
sequence 
for the specific 
system 


being 
designed. 
Special 
dynamic 
RAM access 
modes 
such as 


Nibble 
mode 
and Page mode 
access 
cycles 
may be performed 


simply 
by toggling 
the appropriate 
control 
inputs. 
Special 
skew 


timing 
specifications 
have been specified 
to allow tighter 
timing 
control 
as outlined 
in the following 
examples. 
Both 
following 


examples 
relate to the scheme 
depicted 
in Figure 
3. 


RASO 


09-0 


015-8 
07-0 


lIAS 


A9-0 


WE 


4 


031-24 
023-16 
015-8 
07-0 


l'In 


AD-O 


WE 


m. 
4 


RIC 


RAS3 
lIAS 


tRCCASIN 
A9-0 


WE 
WE 


F32 


DATA 
4 


STROBES 
CASINO-3 
CASO-3 
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Externally Controlled Access (ECA) 
(Continued) 


Example 
1: Computing RASiN to RtC Delay 


The delay 
between 
RASIN going 
LOW to R/C 
going 
LOW (tRA- 
SINRC) 
which 
is required 
in order to satisfy 
the dynamic 
RAMs' 


row address 
hold time (tRAH) 
is computed 
as follows: 


tRASINRC 
= tRAH(min) 
+ td7 


Where: 


tRAH(min) 
- 
Row address 
hold time (dynamic 
RAM parameter) 


td7(max) 
= tRPDL -tRHA 


tRPDL 
- 
RASIN 
to RAS LOW delay 


tRHA 
- 
Row address 
held valid from Ric LOW 


Example 
2: Computing 
R/e to CASiN Delay 


The 
delay 
between 
RIG going 
LOW 
and CASiN going 
LOW 
(tRCCASIN) 
which 
is required 
in order 
to satisfy 
the dynamic 


RAMs' 
column 
address 
setup 
(tASC) 
is computed 
as follows: 


tRCCASIN 
= tAsc(min) 
+ tdS + tpDF32(max) 


Where: 


tASC(min) 
- 
Column 
address 
setup (dynamic 
RAM parameter) 


tdS(max) 
= tRCC-tCPDL 


tRCC - 
RIG low to column 
address 
valid 


tCPDL 
- 
CASIN 
to CAS LOW delay 


tpDF32(max) 
- 
Propagation 
delay 
of the 
OR gate 
used 
to 
validate 
CASIN 


Better 
system 
performance 
may be achieved 
using 
the td7.!dS 


switching 
parameters 
to calculate 
tRASINRC 
and tRCCASIN 
than when using the tRPDL. tRCDL, 
tRCC and tRHA parameters 
(see Externally 
Controlled 
Access 
switching 
parameters). 


64K Dynamic RAM 
Controller / Driver 
SN74S40S/DPS40SA 
SN74S40S·2/DPS40SA·2 


Features/ 
Benefits 


• 
All DRAM 
drive functions 
on one chip 
have on-ehip 
high- 
capacitance-load 
drivers 
(specified 
up to 88 DRAMs) 


• 
Drives 
directly 
all 16K and 64K DRAMs: 
Capable 
of 
addressing 
up to 256K words 


• 
Propagation 
delays 
of 25 nsee typical 
at 500-pF 
load 


• 
Supports 
READ, WRITE and READ-MODIFY-WRITE 
cycles 


• 
Six operating 
modes 
support 
externally-controlled 
access 
and refresh, 
automatic 
access, 
as well as special 
memory 
initialization 
access 


• 
On-chip 
8-bit 
refresh 
counter 
with selectable 
End-of-Count 
(127 or 255) 


• 
Direct 
replacement 
for National 
DP8408, 
DP8408A 


MODE 
MODE 
OF OPERATION 


0,1,2 
Externally-eontrolied 
refresh 


3 
Externally-eontrolled 
AII-RAS 
write 


4 
Externaliy-eontrolled 
access 


5 
Auto 
access, 
slow 
tRAH 


6 
Auto 
access, 
fast 
tRAH 


7 
Set end of count 


CONTROL 
10 
6 
745408 
DYNAMIC 
RAM 
500pFDRIVE 
CONTROLLERI 


18 
DRIVE 
8, 


SYSTEM 
RAM 
16k or 14k 
DYNAMIC 
ADDRESS 
RAM 
BANKS 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN74S408 
48 N, D 
Com 


SN74S408-2 
48 N, D 
Com, 
Speed 
Option 


ponions 
01 thIS 
Data Sheet are reprinted 
courtesy 
of National 
Semiconductor 
Corporation. 


16Jnolllhlc mT!n 
lIIIemorles 
U1JlW 
TWX: 910-338-2376 
2175 Minion 
College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 


ROW 
RO-7 
ADDRESS 
INPUT LATCH 


ADS ----,------4 
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Description 


The 74S408is a Multi-Mode Dynamic RAM Controller/Driver 
capable of driving directly up to 88 DRAMs.18address lines 
allow the 74S408to drive all 16K and 64K DRAMs and ad- 
dresses up to 256K words. Since the 74S408is a one-chip 
solution 
(including 
capacitive-load drivers), it minimizes 
propagationdelayskews,and savesboardspace. 


The 74S408's6 operating modes offer externally-eontrolled 
or on-chip 
automatic 
access and externally-controlled 


refresh. An on-chip refresh counter makes refreshing less 
complicated; and automatic memory initialization 
is both 


simple and fast. 


The 74S408 is a 48-pin DRAM Controller/Driver with 8 
multiplexed address outputs and 6 control signals. It con· 
sists of two 8-bit address latches, an 8-bit refresh counter, 


and control logic. All address output drivers are capable of 
driving 500pf loads with propagation delays of 25nsec. The 
74S408timing parameters are specified driving the typical 
load capitance of 88 DRAMs, including trace capita nee. 


The 74S408can drive up to 4 banks of DRAMs, with each 
bank comprised of 16Ks, or 64Ks. Control signal outputs 
RAS,CAS,and WE are provided with the same driving capa- 
bility. Each RAS output drives one bank of DRAMs so that 
the four RAS outputs are used to select the banks, while 
CAS, WE and the multiplexed addresses can be connected 
to all the banks of DRAMs. This leaves the nonselected 
banks In the standby mode (less than one tenth of the 
operating power) with the data output in three-state. Only 
the bank with its associated RAS low will be written to or 
read from, except in mode 3 where all RAS signals go low to 
allow fast memoryinitialization. 


Pin Definitions 
vcc GND, GND-Vcc = 5V ± 5%. The three supply pins have 
been assigned to the center of the package to reduce 
voltage drops, both DC and AC. There are also two ground 
pins to reduce the low level noise. The second ground pin is 
located two pins from Vcc, so that decoupling capacitors 
can be inserted directly next to these pins. It is important to 
adequately decouple this device, due to the high switching 
currents that will occur when all 8 address bits change in 
the same direction simultaneously. Recommendedsolution 
would be a 11'Fmultilayer ceramic capacitor in parallel with 
a low-voltage tantalum capacitor, both connected close to 
pins 36 and 38 to reduce lead inductance. 


BO,B1: Bank Select Inputs-Strobed 
by ADS. Decoded to 


enable one of the RAS outputs when RASIN goes low, in 
modes 4-6. In mode 7 
BO,B1 
are used to define End-of- 


Count (see table 3). 


00·08: 
Multiplexed Address Outputs-Selected 
from the 


Row Address Input Latch, the Column Address Input Latch, 
or the Refresh Cou'nter. 


RASIN:Row Address Strobe Input-Enables 
selected RASn 


output when M2 (RFSH) is high (modes 4-6),and all RASn 
outputs in modes 0,1,2 
and 3. 


Ric: Row/Column Select Input-Selects 
either the row or 


column address input latch onto the output bus. 


CASIN: Column Address Strobe Input-Inhibits 
CAS output 


when high in Modes 4 and 3. In Mode 6 it can be used to pro· 
long CAS output. 


ADS: Address (Latch) Strobe Input-Strobes 
Input Row Ad- 


dress, Column Address, and Bank Select Inputs into respec· 
tive latcheswhen high; latcheson High-ta-Low transition. 


CS: Chip Select Input- 
Three-state's the Address Outputs 


and puts the control signal into a high-impedance logic "1" 
state when high (unless refreshing in mode 0,1,2). Enables 
all outputs when low. 


MO,M1, M2 (RFSH): Mode Control Inputs-These 
3 control 


pins determine the 6 modes of operation of the 74S408as 
depicted in Table 1. 


RF I/O-The 
I/O pin functions as a Reset Counter Input 


when set low from an external open·collector gate, or as a 
flag output. The flag goes active (low) when M2 = a (modesO. 
1, 2 or 3) and the End-of-Count output is at 127 or 255 (see 
Table 3). 


WIN: Write Enable Input. 


CAS transitions 
low following 
valid column address. In 
Modes 3 and 4, it goes low after R/Ggoes low, or follows 
CASIN going low if RIG is already low. CAS is high during 
refresh. 


RAS0·3: Row Address Strobe Outputs-When 
M2(RFSH)is 


high (modes 4-7), the selected row address strobe output 
(decoded from signals BO, B1) follows the RASIN input. 
When M2 (RFSH)is low (modes 0-3)all RASnoutputs go low 
together following RASIN going low. 


BANK SELECT 
(STROBED BY ADS) 
ENABLED RASn 


B1 
BO 


a 
a 
RASa 


a 
1 
RAS1 


1 
a 
RAS2 


1 
1 
RAS3 


Input Addressing 


The address block consists 
of a row-address latch, a 
column-address latch, and a resettable refresh counter. The 
address latches are fall-through when ADS is high and latch 
when ADS goes low. If the address bus contains valid ad- 
dresses until after the valid address time, ADS can be per- 
manently high. Otherwise ADS must go low while the ad· 
dresses are still valid. 


In normal memory access operation, RASIN and RlC are ini- 
tially high. When the address inputs are enabled into the ad- 
dress latches (modes 4-6)the row addresses appear on the 
o outputs. The Address Strobe also inputs the bank-select 
address, (BOand B1). If CS is low, all outputs are enabled. 
When CS is transitioned high, the address outputs go three- 
state and the control outputs first go high through a low im- 
pedance, and then are held by an on-chip high impedance. 
This allows output paralleling with other 74S408sfor multi- 
addressing. All outputs go active about 50ns after the chip 
is selected again. If CS is high, and a refresh cycle begins, 
all the outputs become active until the end of the refresh 
cycle. 


Drive Capability 


The 74S408has timing parameters that are specified with 
up to 600pF loads for CAS, 500pF loads for 00.0, and WE, 
and 150 pF loads for RASn outputs. In a typical memory 
system this is equivalent to about 88 5V-only DRAMs. with 
trace lengths kept to a minimum. Therefore, the chip can 
drive four banks each of 16or 22 bits, or two banks of 32 or 
39 bits, or one bank of 64 or 72 bits. 


Less loading will slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 6). The AC performance parameters 
are specified 
with 
the typical 
load capacitance 
of 88 


DRAMs. This graph can be used to extrapolate the varia- 
tions expected with other loading. 


745408 
Driving Any 16K or 64K DRAMs 


The 74S408 
can drive 
any 
16K or 64K 
DRAMs. 
The 
on-ehip 


8-bit 
counter 
with 
selectable 
End-of-Count 
can 
support 
refresh 
of 128 or 512 rows, 
while 
the 8 address 
and 4 RASn 


outputs 
can address 
4 banks 
of 16K or 64K DRAMs. 


Read, Write, 
and Read-Modify-Write 
Cycles 


The output 
signal, 
WE, determines 
what 
type of memory 
ac- 
cess 
cycle 
the memory 
will 
perform. 
If WE is kept 
high 
while 
CAS 
goes 
low, 
a read 
cycle 
occurs. 
If WE goes 
low 
before 


CAS 
goes 
low, 
a write 
cycle 
occurs 
and 
DATA at Dl (DRAM 


input 
data) 
is written 
into 
the DRAM 
as CAS goes 
low. If WE 


goes 
low 
later 
than 
tCWD 
after 
CAS 
goes 
low, 
first 
a read 


occurs 
and 
DO (DRAM 
output 
data) 
becomes 
valid; 
then 


data 
Dl is written 
into 
the same 
address 
in the 
DRAM 
when 
WE goes 
low. 
In this 
read-modify-write 
case, 
01 and DO can- 


not 
be linked 
together. 
The 
type 
of 
cycle 
is therefore 
con· 


trolled 
by WE, which 
follows 
WIN. 


Power-Up 
Initialize 


When 
VCC 
is first 
applied 
to the 
74S408, 
an internal 
pulse 


clears 
the refresh 
counter, 
the internal 
control 
flip-flops, 
and 


sets 
the 
End-of-Count 
of the 
refresh 
counter 
to 127 (which 
may be changed 
via Mode 
7). As VCC increases 
to about 
2.3 


volts, 
it holds 
the 
output 
control 
signals 
at a level 
of one 


Schottky 
diode-drop 
below 
VCC, 
and the 
output 
address 
to 


three-state. 
As 
VCC 
increases 
above 
2.3 volts, 
control 
of 


these 
outputs 
is granted 
to the 
system. 


745408 
Functional 
Mode Description 


The 
74S408 
operates 
in 6 different 
functional 
modes. 
The 


operating 
mode 
is selected 
by signals 
Mo, M" 
M2• Selecting 


M2, 
M" 
Mo = 
0,0,0 
or 0,0,1 
or 0,1,0 will 
result 
at the 
same 


operating 
mode 
designated 
as mode 
0,1,2 (see Table 
2). 


(RFSH) 
MODE 
M2 
M1 
MO 
MODE 
OF OPERATION 
CONDITIONS 


0 
0 
0 
0,1,2 
0 
0 
1 
Externally-eontrolled 
refresh 
RF 1/0 = 
EOC 


0 
1 
0 
--- 


3 
0 
1 
1 
Externally-eontrolled 
AII-RAS 
write 
AII-RAS 
active 
- 
- 
---_. 
--------- 


4 
1 
0 
0 
_ Externally-eontrolled 
access 
Active 
RAS defined 
by Table 
2 
~ 
-- --- 


5 
1 
~ 
1 
Auto 
access, 
slow 
tRAH_ 
Active 
RAS defined 
by Table 
2 
-- 


6 
1 
1 
0 
Auto 
access, 
fast 
tRAH 
Active 
RAS defined 
by Table 
2 
---- 
- 
-- 
----- 
--- 


7 
1 
1 
1 
Set end of count 
See Table 
3 for 
Mode 
7 
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745408 Functional Mode 
Descriptions 


Modes 0, 1, 2-Externally 
Controlled Refresh 


In this mode, the input address latches are disabled from 
the address outputs and the refresh counter is enabled onto 
R.-R,outputs, all RASoutputs are enabled following RASIN, 
and CAS is inhibited. This refreshes the same row in all four 
banks. The refresh counter increments when either RASIN 
or M,(RFSH)goes low-to-high while the other is low. RF 110 
goes low when the count is 127 or 255 with RASIN and 
RFSH as set by End-of-Count (seeTable 3), low. To reset the 
counter to all zeroes, RF 110 is set low through an external 
open-collector driver. 


During refresh, RASIN and M,(RFSH) can transition 
low 


simultaneously because the refresh counter becomes valid 
on the output but tRFLcr'This means the counter address is 
valid on the Q outputs before RAS occurs on all RAS out- 


1--1tRFLCTI 
-II 


-I 


puts, strobing the counter address into that row of all the 
DRAMS (see Figure 2). To perform externally controlled 
burst refresh M,(RFSH) initially can again have the same 
edge as RASIN, but then can maintain a low state, since 
RASIN going low-to-high increments the counter (perform- 
ing the burst refresh). 


Mode 3-Externally 
Controlled 
AII·RA5 Write 


This mode is useful at system initialization. The memory ad- 
dress is provided by the processor, which also perform the 
incrementing. All four RAS outputs follow RASIN (supplied 
by the processor), strobing the row address into the DRAMs. 
RlC can now go low, while CASIN may be used to control 
CAS (as in the Externally Controlled Access mode), so that 
CAS strobes the column address contents into the DRAMs. 
At this time WE should be low, causing the data to be writ- 
ten into all four banks of DRAMs. At the end of the write cy- 
cle, the input address is incremented and latched by the 
74S408for the next write cycle. 


1-'cTL-1 


l-tRST-111- 
L 
.J 


l-tRLEoc 
I 
-I 
!-tRHEOC 
END OF COUNT 
LOW IF n = 127. 255 


COUNTERRESET 
INPUT FROM 
OPEN COLLECTOR 


Mode 4-Externally 
Controlled Access 


This 
mode 
facilitates 
externally 
controlling 
all 
access- 
timing parameters associated with the DRAMs. The applica- 
tion of modes 0 and 4 are shown in Figure 3. 


Output Address Selection 


Refer to Figure 4a. With M2 (RFSH) and RIG high, the row ad- 
dress latch contents 
are transferred 
to the multiplexed 
ad- 


dress bus output aO-a?, provided CS is set low. The column 
address 
latch 
contents 
are output 
after 
RIG goes 
low. 
RASIN can go low after the row addresses have been set up 
on aO-a? This selects one of the RAS outputs, strobing the 
row address on the a outputs into the desired bank of mem- 
ory. After the row-address hold-time of the DRAMs, RIG can 
go low so that about 40 ns later column addresses appear 
on the a outputs. 


Automatic CAS Generation 


In a normal memory access cycle CAS can be derived from 


DRAMa MAY BE 16k, 641< 
FOR BANKS, CAN DRIVE 16 DATA BITS 


+6 CHECK BITS FOR ECC. 
FOR 2 BANKS, CAN DRIVE 32 DATA BITS 


+7 CHECK BITS FOR ECC. 


FOR 1 BANK, CAN DRIVE 64 DATA BITS 


+8 CHECK BITS FOR ECC. 
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inputs CASIN or R/C. If CASIN is high, then RIG going low 
switches the address output drivers from rows to columns. 
CASIN then going low causes CAS to go low approximately 
40 ns later, allowing CAS to occur at a predictable time (see 
Figure 4b). For maximum system speed, CASIN can be kept 
low, since CAS will automatically 
occur approximately 
20 ns 
after the column addresses are valid, or about 60 ns after 
RIG goes low (see Figure 4a). Most DRAMs have a column 
address set-up time before CAS (tAsclof 0 ns or -10 
ns. In 
other words, a tAse greater than 0 ns is safe. This feature 
reduces timing-skew 
problems, thereby improving 
access 
time of the system. 


Fast Memory Access 


For faster access time, RIG can go Iowa time delay (tAPDL+ 
tAAH- 
tAHA)after RASIN goes low, where tAAHis the Row- 


Address hold-time of the DRAM. 
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·INDICATES DYNAMIC RAM PARAMETERS 


Figure 4a. Read Cycle Timing 
(Mode 4) 
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·INDICATES DYNAMIC RAM PARAMETERS 


Figure 4b. Write Cycle Timing (Mode 4) 


Mode 5-Automatic 
Access 


In the Auto Access mode all outputs except WE are initiated 
from RASIN. Inputs RIG and CASIN are unnecessary and the 
output control signals are derived internally from one input 
signal (RASIN) minimizing timing-skew problems, thereby 
reducing memory-access time substantially and allowing the 
useof slower DRAMs. 


Automatic Access Control 


The major disadvantage 
of DRAMs compared to static 
RAMs is the complex timing involved. First, a RAS must oc- 
cur with the row address previously set up on the multi- 
plexed address bus. After the row address has been held for 
tRAH, 
(the Row-Address hold-time of the DRAM),the column 
address is set up and then CAS occurs. This is all performed 
automatically by the 74S408in this mode. 


Provided the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
RAS occurs typically 27 ns later, by which time the row ad- 
dress is already valid on the address output of the 74S408. 
The Address Set-Up time (tASR), is 0 ns on most DRAMs. 
The 74S408 in this 
mode (with ADS and RASIN edges 
simultaneously applied) produces a minimum tASR of 0 ns. 
This is true provided the input address was valid tASA before 
ADS went low (see Figure 5a). 


Next, 
the 
row 
address 
is disabled 
after 
tRAH 
(30 ns 


minimum); in most DRAMs, tRAH minimum is less than 30 ns. 
The column address is then set up and tAse later, CAS oc- 
curs. The only other control input required is WIN. When a 
write cycle is required, WIN must go low at least 30 ns 
before CAS Is output low. 


COLUMNS VALID 


IIASC 
-- 


--~ 
- 
-WRITE-- 


_IWCS'- 


-ICAC'- 


This gives a total typical delay from: input address valid to 
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to col- 
umns valid (25 ns); to CAS (23 ns)= 140 ns (that is, 125 ns 
from RASIN). All of these typical figures are for heavy capa- 
citive 
loading, of approximately 
88 DRAMs. This mode is 


therefore 
extremely 
fast. 
The external 
timing 
is greatly 


simplified 
for the memory system designer: the only system 


signal required is RASIN. 


Mode 6-Fast 
Automatic Access 


The Fast Access mode is similar to Mode 5, but has a faster 
tAAHof 20 ns, minimum. 
It therefore can only be used with 


fast 16k or 64k DRAMs (which have a tAAHof 10 ns to 15 ns) 


in applications 
requiring fast access times; RASIN to CAS is 


typically 
105 ns. 


In this mode, the RIG pin is not used, but CASIN is used to 
allow an extended CAS after RAS has already terminated. 
Refer to Figure 5b. This is desirable with fast cycle-times 
where RAS has to be terminated as soon as possible before 
the next RAS begins (to meet the precharge time, or tAP,re- 
quirements 
of the DRAM). CAS may then be held low by 


CASIN to exte'r'ld the data output valid time from the DRAM 
to allow the system to read the data. CASIN subsequently 
going high ends CAS. If this extended CAS is not required, 
CASIN should be set high in Mode 6. 
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and 
60 = 1, EOC is 255; and 
with 
61 = 1 and 
60 = 0, EOC is 


127. This 
selected 
value 
01 EOC will 
be used 
until 
the 
next 


Mode 
7 selection. 
At power-up 
the EOC is automatically 
set 


to 127 (61 and 
60 set to 11). 


The End-ol-Count 
can 
be externally 
selected 
in Mode 
7, us- 
ing ADS to strobe 
in the 
respective 
value 
01 61 and 
60 (see 
Table 
3). With 
61 and 
60 the 
same 
EOC is 127; with 
61 = a 


BANK 
SELECT 
END 
OF COUNT 
(STROBED 
BY ADS) 
SELECTED 


B1 
BO 


a 
a 
127 
a 
I 
1 
255 


1 
I 
a 
127 


1 
1 
127 


-10 


o 
200 
400 
600 
800 
1000 


CpF 


SN74S40S/·2 
Specifications: 


Absolute Maximum Ratings (Note 1) 


Supply voltage Vee 
.........................................................•......................•.... 
-0.5 V to 7.0 V 
Storage temperature range .............•......................................................•......... 
-65° to +150 
0e 
Input voltage 
............................................................................•.............. 
-1.5 V to 5.5 V 
Output current .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
150 mA 
Lead temperature (soldering, 10 seconds) 
300°C 


NOTE 
1: "Absolute 
Maximum 
Ratings" 
are the values beyond which the safety of thedevice 
cannot be guaranteed. 
Theyare 
not meant to imply that the device should 
be operated 
at these limits. The table of operating 
conditions 
provides 
conditions 
for actual 
device operation. 


SYMBOL 
PARAMETER 
FIGURE 
'S408 
'S408·2 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vee 
Supply voltage 
4.75 
5.25 
4.25 
5.25 
V 


TA 
Operating free-air temperature 
a 
+75 
a 
+ 75 
°e 


tASA 
Address setup time to ADS 
Figures 4a,4b,5a,5b 
15 
15 
ns 


tAHA 
Address hold time from ADS 
Figures 4a,4b,5a,5b 
15 
15 
ns 


tADS 
Address strobe pulse width 
Figures 4a,4b,5a,5b 
30 
30 
ns 
. 


tRHA 
Row address held from column select 
Figure 4a 
10 
10 
ns 


tRASINL,H 
Pulse width of RASIN during refresh 
Figure 2 
50 
50 
ns 


tRST 
counter reset pulse width 
Figure 2 
70 
70 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Ve 
Input clamp voltage 
Vee 
= MIN, Ie = 
-12mA 
-0.8 
-1.2 
V 


IIH1 
Input high current for ADS. R/e only. 
VIN 
= 2.5V 
2.0 
100 
IJA 


IIH2 
Input high current for other inputs, except RF I/O VIN 
= 2.5V 
1.0 
50 
IJA 


IIRSI 
Output load current for RF I/O 
VIN 
= 0.5V, output high 
-1.5 
-2.5 
mA 


IleTL 
Output load current for RAS, CAS, WE 
VIN 
= 0.5V, chip deselect 
-1.5 
-2.5 
mA 


IIL1 
Input low current for ADS. R/e only 
VIN 
= 0.5V 
-0.1 
-1.0 
mA 


11L2 
Input low current for other inputs, except RF I/O 
VIN 
= 0.5V 
-0.05 
-0.5 
mA 


VIL" 
Input low threshold 
0.8 
V 


VIH** 
Input high threshold 
2.0 
V 


VOL1 
Output low voltage, except RF I/O 
10L 
= 20mA 
0.3 
0.5 
V 


VOL2 
Output low voltage for RF I/O 
10L 
= 10mA 
0.3 
0.5 
V 


VOH1 
Output high VOltage, except RF I/O 
VOH 
= 
-1mA 
2.4 
3.5 
V 


VOH2 
Output high voltage for RF I/O 
10H 
= 
-100IJA 
2.4 
3.5 
V 


110 
Output high drive current except RF I/O 
VOUT = 0.8V (Note 3) 
-200 
mA 


100 
Output low drive current, except RF 1/0 
VOUT = 2.7V (Note 3) 
200 
mA 


10l 
Three-state output current 
0.4V"'VOUT"'2.7V, 
-50 
1.0 
50 
IJA 
(address outputs) 
es = 2.0V, Mode 4 


Ice 
Supply current 
Vee 
= MAX 
210 
285 
mA 


GIN 
Input capacitance 
ADS, RIG 
TA 
= 25°C 
8 
pF 


elN 
Input capacitance 
all other inputs 
TA 
= 25°C 
5 
pF 


Switching Characteristics: vcc = 5.0V::!:5.0%, O°C 
TA 
75°C See Figure 7 for test load (switches S1 and S2 are 
closed unless otherwise specified) typicals are for VCC = 5V, TA = 25°C. 


SYMBOL 
ACCESS PARAMETER 
TEST CONDITIONS 
'S408 
'5408·2 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tRICL 
RASIN to CAS output delay (Mode 5) 
Figure 5a 
95 
125 
160 
75 
100 
130 
ns 


tRICL 
RASIN to CAS output delay (Mode 6) 
Figures 5a,5b 
80 
105 
140 
65 
90 
115 
ns 


tRICH 
RASIN to CAS output delay (Mode 5) 
Figure 5a 
50 
63 
80 
50 
63 
80 
ns 


tRICH 
RASIN to CAS output delay (Mode 6) 
Figures 5a,5b 
40 
48 
60 
40 
48 
60 
ns 


tRCDL 
RAS to CAS output delay (Mode 5) 
Figure 5a 
98 
125 
75 
100 
ns 


tRCDL 
RAS to CAS output delay (Mode 6) 
Figures 5a,5b 
78 
105 
65 
85 
ns 


tRCDH 
RAS to CAS output delay (Mode 5) 
Figure 5a 
27 
40 
27 
40 
ns 


tRCDH 
RAS to CAS output delay (Mode 6) 
Figure 5a 
40 
65 
40 
65 
ns 


tCCDH 
CASIN to CAS output delay (Mode 6) 
Figure 5b 
40 
54 
70 
40 
54 
70 
ns 


tRCV 
RASIN to column address valid (Mode 5) 
Figure 5a 
90 
120 
30 
105 
ns 


tRCV 
RASIN to column address valid (Mode 6) 
Figure 5a 
75 
105 
70 
90 
ns 


tRPDL 
RASIN to RAS delay 
Figures 4a,4b,5a,5b 
20 
27 
35 
20 
27 
35 
ns 


tRPDH 
RASIN to RAS delay 
Figures 4a,4b,5a,5b 
15 
23 
32 
15 
23 
32 
ns 


tAPDL 
Address input to output low delay 
Figures 4a,4b,5a,5b 
25 
40 
25 
40 
ns 


tAPDH 
Address input to output high delay 
Figures 4a,4b,5a,5b 
25 
40 
25 
40 
ns 


tSPDL 
Address strobe to address output low 
Figure 4b,4a 
40 
60 
40 
60 
ns 


tSPDH 
Address strobe to address output high 
Fibure 4b,4a 
40 
60 
40 
60 
ns 


tWPDL 
WIN to WE output delay 
Figure 4b 
15 
25 
30 
15 
25 
30 
ns 


tWPDH 
WIN to WE output delay 
Figure 4b 
15 
30 
60 
15 
30 
60 
ns 


tCPDL 
CASIN to CAS delay (RiG) low in Mode 4) Figure 4b 
32 
41 
58 
32 
41 
58 
ns 


tCPDH 
CASIN to CAS delay 
Figure 4b 
25 
39 
50 
25 
39 
50 
ns 


tRCC 
Column select to column address valid 
Figure 4a 
40 
58 
40 
58 
ns 


tRCR 
Row select to row address valid 
Figure 4a,4b 
40 
58 
40 
58 
ns 


tCTL 
RF 1/0 low to counter outputs all low 
Figure 2 
100 
100 
ns 


tRFPDL 
RASIN to RAS delay during refresh 
Figure 2 
35 
50 
70 
35 
50 
70 
ns 


tRFPDH 
RASIN to RAS delay during refresh 
Figure 2 
30 
40 
55 
30 
40 
55 
ns 


tRFLCT 
RFSH low to counter address valid 
CS = X, Figure 2 
47 
60 
47 
60 
ns 


tRFHRV 
RFSH high to row address valid 
Figure 2 
45 
60 
45 
60 
ns 


tROHNC 
RAS high to new count valid 
Figure 2 
30 
55 
30 
55 
ns 


tRLEOC 
RASIN low to end-of-count low 
CL = 50pF, Figure 2 
80 
80 
ns 


tRHEOC 
RASIN high to end-of-count high 
CL = 50pF, Figure 2 
80 
80 
ns 


tRAHI 
Row address hold time (Mode 5) 
Figure 5a 
30 
20 
ns 


tRAH 
Row address hold time (Mode 6) 
Figures 5a,5b 
20 
12 
ns 


tASC 
Column address setup time (Mode 5) 
Figure 5a 
8 
3 
ns 


tASC 
Column address setup time (Mode 6) 
Figures 5a,5b 
6 
3 
ns 


tRHA 
Row address held from column select 
Figure 4a 
10 
10 
ns 


tCRS 
Casin setup time to Rasin high (Mode 6) 
Figure 5b 
35 
35 
ns 


SYMBOL 
ACCESS PARAMETER 
TEST CONDITIONS 
'5408 
'5408-2 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


THREE-STATE PARAMETER 


C8 low to address output high from 
Figure 7 
tZH 
R1 = 3.5k 
35 
60 
35 
60 
ns 


HI-Z 
R2 = 1.5K 


tHZ 
C8 high to address output Hi-Z from high CL = 15p, Figure 7 
20 
40 
20 
40 
ns 
R2 = 1k, 81 open 


Figure 7 
TZL 
C8 low to address output low from Hi-Z 
R1 = 3.5k 
35 
60 
35 
60 
ns 


R2 = 1.5k 


tLl 
C8 high to address output Hi·Z from low 
CL = 15pF, Figure 7 
25 
50 
25 
50 
ns 
R1 = 1k 820Den 


C8 low to control output high from 
Figure 7 


THZH 
R2 = 750 Q 
50 
80 
50 
80 
ns 
Hi·Z high 
81 open 


C8 high to control output Hi-Z high 
CL = 15pF 


tHHZ 
Figure 7 
40 
75 
45 
75 
ns 
from high 
R2 = 7500, 81 open 


tHZL 
C8 low to control output low from 
Figure 7, 81, 
45 
75 
45 
75 
ns 
Hi·Z high" 
82 open 


CL = 15pF 


tLHZ 
C8 high to control output Hi·Z high 
Figure 7 
50 
80 
50 
80 
ms 
from low" 
R2 = 750Q 
81 open 


-Internally 
the device contains 
a 3K resistor 
in series with 
a Schottky 
Diode to VCC. 


Note 1: Output 
load capacitance 
is typical 
for 4 banks of 22 DRAMs or 88 DRAMs ·including 
trace capacitance. 
These values are: 
00·08, 
WE CL = 500 pF; 


RAS CL = 150 pF; CAS CL = 600pF unless otherwise 
noted. 


Note 2: All typical 
values are for TA = 25' 
and Yc 
= 5.aY. 


Note 3: This test is provided 
as a monitor 
of driver output 
source and sink current 
capability. 
Caution 
should 
be exercised 
in testing this parameter. 
In testing 
these 
parameters 
a 1St) resistor 
should 
be placed in series with each output 
under test. One output 
should 
be tested at a time and test time should 
not exceed 
1 second. 


Note 4: Input pulse OV to 3.0V, tR = tF = 2.5 ns, f = 2.5 MHz, tpw 
= 200 ns. Input reference 
point on AC measurements 
is 1.5V. Output 
reference 
points are 
2.7Y for High and a.SY for Low. 


Note 5: The load capacitance 
on RF 110 should 
not exceed 50 pF. 


OUTPUT 
UNDER 
TEST 


3.0Y 


1.5Y 


-IILHZ 
III 


* The "TEST POINT" is driven by the output under test, 
and observed by instrumentation. 


256K 
Dynamic RAM 
Controller /Driver 


SN74S409-2/DP8409A-2 
SN74S409/DP8409A 


Features/ 
Benefits 


• All DRAM drive functions on one chip have on-chip high- 


capacitance load drivers (specified up to 88 DRAMs) 


• Drives directly all 16K, 64K and 256K DRAMs; capable 
of addressing up to 1M words 


• Propagation delays of 25 nsec typical at 500 pF load 


• Supports READ, WRITE and READ-MODIFY-WRITE 


cycles 


• Eight modes of operation support extemally-eontrolled 
and 


automatic access and refresh, as well as special memory 
initialization access 


• On-chip 9-bit refresh counter with selectable End-of-Count 


(127,255 or 511) 


• Direct replacement for Nalional DP8409, DP8409A 


0 
Externally-eontrolled fresh 


1 
Auto refresh - forced 


2 
Automatic burst refresh 


3a 
AII-RAS auto write 


3b 
Externally-controlled AII-RAS write 


4 
Externally-eontrolled access 


5 
Auto access. slow tRAH. hidden refresh 


6 
Auto access. fast tRAH 


7 
Set end of count 


10, 
6 
, 
74S409 
DYNAMIC 
RAM 
500pF DRIVE 
20, 
CONTROLLER 
9 
DRIVER 


SYSTEM 
RAM 


MEMORY 


16k. 64k. OR 
256k DYNAMIC 


ADDRESS 
RAM 
BANKS 


PART NUMBER 
PACKAGE 
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SN74S409 
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1 


CASIN 
(RGCK) 
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OUTPUTS WHEN THEY 
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Description 


The 74S409 is a Multi-Mode 
Dynamic RAM Controller/Driver 


capable of directly driving up to 88 DRAMs. 20 address lines 
to the 74S409 allow it to address up to 1M words and it can 
drive 16K. 64K and 256K DRAMs. Since the 74S409 is a 
one-chip solution (including capacitive-load 
drivers), it min- 


imizes propagation delay skews, and saves board space. 


The 74S409's 8 operating modes offer externally-controlled 
or on-chip automatic access and refresh. An on-chip refresh 
counter makes refreshing (either externally or automatically 
controlled) 
less complicated; 
and automatic memory initiali- 


zation is both simple and fast. 


The 74S409 is a 48-pin DRAM ControlierlDriver 
with 9 multi- 


plexed address outputs and 6 control signals. It consists of 
two 9-bit address latches. a 9-bit refresh counter, and control 


logic. The 748409 timing parameters are specified when driving 
the typical 
load capitance of 88 DRAMs. including 
trace 
capacitance. 


The 74S409 can drive up to 4 banks of DRAMs, with each 
bank comprised 
of 16Ks. 64Ks or 256Ks. Control 
signal 


outputs CAS and WE are provided with the same driving 
capability. Each RAS output drives one bank of DRAMs so 
that the four RAS outputs 
are used to select the banks, 


while CAS, WE and the multiplexed 
addresses can be con- 


nected to all the banks of DRAMs. This leaves the non- 
selected banks in the standby mode (less than one tenth of 
the operating 
power) with the respective 
data outputs 
in 
three-state. 
Only the bank with its associated RAS low will 
be written to or read from, except in mode 3 where all RAS 
signals go low to allow fast memory initialization. 


Pin Definitions 


Vcc GND, GND-Vcc 
= 5V ± 5%.The three supply pins have 
been assigned to the center of the package to reduce volt- 
age drops, both DC and AC. There are also two ground pins 
to reduce the low level noise. The second ground 
pin is 
located two pins from Vcc, so that decoupling capacitors can 
be inserted directly 
next to these pins. It is important 
to 
adequately decouple this device, due to the high switching 
currents that will occur when all 9 address bits change in the 
same direction 
simultaneously. 
A recommended 
solution 


is a l-/LF multilayer ceramic capacitor in parallel with a low- 
voltage tantalum capacitor, both connected close to pins 36and 
38 to reduce lead inductance. 


RO-R8: Row Address Inputs. 


CO-C8: Column Address Inputs. 


BO, B1: Bank Select Inputs-Strobed 
by ADS 
Decoded to 
enable one of the RAS outputs when RASIN goes low, in 
modes 4-6. In mode 7 BO, B1 are used to define End-of- 
Count (see table 3), and select mode 3a or 3b. 


00-08: 
Multiplexed 
Address Outputs-Selected 
from the 
Row Address Input Latch, the Column Address Input Latch, 
or the Refresh Counter. 


RASIN: Row Address Strobe Input- 
Enables selected RASn 
output when M2 (RFSH) is high (modes 4-6), and all RASn 
outputs in modes 0 and 3. RASIN input is disabled in modes 
1and 2. 
RIG (RFCK) -In 
Auto-Refresh 
Mode this pin is the external 


Refresh Clock Input: one refresh cycle has to be performed 
each clock 
period. 
In all other 
modes it is Row/Column 


Select 
Input, selecting 
either the row or column 
address 
input latch onto the output bus. 


CASIN (RGCK) -In 
modes 1, 2 and 3a, this pin is the RAS 


Generator Clock input. In all other modes it is CASIN (Column 
Address Strobe Input), which inhibits CAS output when high 
in Modes 3b and 4. In Mode 6 it can be used to prolong CAS 
output. 


ADS: Address 
(Latch) Strobe 
Input-Strobes 
Input 
Row 
Address, 
Column 
Address, 
and Bank Select 
Inputs 
into 
respective 
latches 
when 
high; 
latches 
on 
High-to-Low 
transition. 


CS: Chip Select Input-three-state's 
the Address Outputs 
and puts the control 
signal into a high-impedance 
logic 


"1" state when high (unless refreshing in one of the Refresh 
Modes). Enables all outputs when low. 


MO, M1, M2 (RFSH): Mode Control Inputs- 
These 3 control 


pins determine the 8 major modes of operation of the 74S409 
as depicted in Table 2. 


RF I/O RFRO - 
This I/O pin functions as a Reset Counter 
Input when set low from an external open-eollector gate, or 
as a flag output. The flag goes active-low in Modes 0, 2 and 


BANK SELECT 
(STROBED BY ADS) 
ENABLED RASn 


B1 
BO 


0 
0 
'RAS0 


0 
1 
'RAS1 


1 
0 
'RAS2 


1 
1 
'RAS3 


3a when the End-of-Count 
output is at 127, 255, or 511 (see 


Table 3). In Auto-Refresh 
Mode (mode 5) it is the Refresh 


Request (RFRO) output. 


WIN: Write Enable Input. 


WE: Write Enable Output - Buffered output from WIN. 


CAS: Column Address Strobe Output-In 
Modes 3a, 5, and 
6, CAS transitions 
low following 
valid column address. In 


Modes 3b and 4, it goes low after R/C goes low, or follows 
CASIN going low if R/C is already low. CAS is high during 
refresh. 


RAS 0-3: Row Address Strobe Outputs-When 
M2(RFSH) 
is high (modes 4-6), the selected row address strobe output 
(decoded 
from signals BO, B1) follows 
the RASIN 
input. 


When M2 (RFSH) is low (modes 0-3) all RASn outputs go 
low together following 
RASIN going low in modes 0 and 3 
and automatically in modes 1 and 2. 


Input Addressing 


The address block consists of a row-address latch, a column- 
address latch, and a resettable refresh counter. 


The address latches are fall-through 
when ADS is high and 


latch when ADS goes low. If the address bus contains valid 
address until after the valid address time, ADS can be per- 
manently high. Otherwise ADS must go low.while the address 
is still valid. 


In normal memory-access operation, RASIN and R/G are 
initially high. When the address inputs are enabled into the 
address latches (modes 3-6) the row addresses appear on 
the 0 outputs. The Address Strobe also inputs the bank- 
select address, (BO and B1). If CS is low, all outputs are 
enabled. When CS goes high, the address outputs go three- 
state and the control 
outputs first go high through 
a low 


impedance, and then are held by an on-chip high impedance. 
This allows output paralleling with other 74S409s for multi- 
addressing. All outputs go active about 50ns after the chip is 
selected again. If CS is high, and a refresh cycle begins, all 
the outputs become active until the end of the refresh cycle. 


Drive Capability 


The 74S409 has timing parameters that are specified with up 
to 600pF loads for CAS and WE, 500pF loads for 00-08, and 
150pF loads for RASn outputs. In a typical memory system 
this is equivalent to about 88 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive four 
banks each of 16 or 22 bits, or two banks of 32 or 39 bits, 
or one bank of 64 or 72 bits. 


Less loading will slightly reduce the timing parameters, and 
more loading will increase the timing parameters, according 
to the graph of Figure 14. The AC performance 
parameters 
are specified with the typical load capacitance of 88 DRAMs. 
This graph 
can be used to extrapolate 
the 
variations 
expected with other loading. 


745409 
Driving Any 16K, 64K or 256K 


DRAMs 


The 74S409 can drive any 16K, 64K, or 256K DRAMs. The 
on-chip 9-bit counter with selectable End-of-Count 
can sup- 
port refresh of 128, 256 and 512 rows, while the 9 address 
and 4 RASn outputs can address 4 banks of 16K, 64K or 
256K DRAMs. 


Read, Write, and Read-Modify-Write 
Cycles 


The output 
signal, WE, determines 
what type of memory 


access cycle the memory will perform. If WE is kept high 
while CAS goes low, a read cycle occurs. If WE goes low 


before CAS goes low, a write cycle occurs and data at 01 
(DRAM input data) is written into the DRAM as CAS goes 
low. If WE goes low later than tCWD after CAS goes low, first 
a read occurs and DO (DRAM output data) becomes valid; 
then data 01 is written into the same address in the DRAM 
when WE goes low. In this read-modify-write 
case, 01 and 


DO cannot be linked together. The type of cycle is therefore 
controlled by WE, which follows WIN. 


Power-Up Initialize 


When VCC is first applied to the 74S409, an internal pulse 
clears the refresh counter. the internal control flip-flops, and 
sets the End-of-Count 
of the refresh counter to 127 (which 


may be changed via Mode 7). As VCC increases to about 2.3 
volts, it holds the output control 
signals at a level of one 
Schottky diode-drop 
below VCC, and the output address to 
three-state. 
As VCC increases above 2.3 volts, control 
of 
these outputs is granted to the system. 


745409 
Functional Modes Description 


The 74S409 
operates 
in 8 different 
functional 
modes 
selected by signals Mo,M"M2. Mode 3 splits further to modes 
3a and 3b determined by signals Bo,Bl in mode 7. 


Mode 0 and mode 1 are generally 
used as Refresh modes 
for mode 4 and mode 5 respectively, and therefore will be 
described as mode-pairs 0,4 and 1,5. 


Mode 6 is a fast access made for very fast DRAMs and mode 7 
is used only to determine choice of mode 3a or 3b and for 
setting End-of-Count 
for the refresh modes. 


MODE 
(lWSH) 
M1 
MO 
MODE OF OPERATION 
CONDITIONS 
M2 


0 
0 
0 
0 
Externally-eontrolled refresh 
RF I/O = 'EOC 


1 
0 
0 
1 
Auto refresh - forced 
RF I/O = Refresh request (RrnO) 


2 
0 
1 
0 
Automatic burst refresh 
RF I/O ='EOC 


3a* 
0 
1 
1 
AII-RAS auto write 
RF I/O = 'EOC;all RAS active 


3b* 
0 
1 
1 
Externally-controlled AII-RAS write 
AII-RAS active 


4 
1 
0 
0 
Externally-controlled access 
Active RAS defined by Table 2 


5 
1 
0 
1 
Auto access, slow tRAH, hidden refresh 
Active RAS defined by Table 2 


6 
1 
1 
0 
Auto access, fast tRAH 
Active RAS defined by Table 2 


7 
1 
1 
1 
Set end of count; determines mode 3a or 3b 
See Table 3 for Mode 7 


Mode a- Externally-Controlled 
Refresh 


Mode 4 - 
Externally-Controlled 
Access 


Modes 0 and 4 facilitate external control of all timing parame- 
ters associated with the DRAMs. These modes are indepen- 
dent modes of operation though generally used together in 
the same application as shown in Figure 2. 


Mode a-Externally-Controlled 
Refresh 


In this mode the input address latches are disabled from the 
address outputs and the refresh counter is enabled. All RAS 
outputs go low following RASIN and refresh the enabled row 
in all four banks. CASIN and R/C inputs are not used and 
CAS is inhibited. The refresh counter increments when either 
RASIN or M2 (RFSH) switch high while the other is still low. 


DRAMs MAY BE 16K, 64K, OR 256K x 1 bit 


FOR 4 BANKS, 
CAN DRIVE 16 DATA BITS 


+6 CHECK 
BITS FOR ECC. 


FOR 2 BANKS, 
CAN DRIVE 32 DATA BITS 


+7 CHECK 
BITS FOR ECC. 


FOR 1 BANK, 
CAN DRIVE 64 DATA BITS 


+8 CHECK 
BITS FOR ECC. 
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CAS 
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SEL 
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REFRESH I 
~ M2(RnH) 


CS 
M1 
MO 


GND-1-1.L 


RF I/O goes low when the count equals End-of-Count 
(as 


set in mode 7), and RASIN is low. The 9-bit counter will always 
roll-over to zero at 512, regardless of End-of-Count. However, 
the counter can be resetat any time by driving RFI/O low through 
an external open-eollector. 


During refresh, RASIN and M2 (RFSH) can transition 
low 


simUltaneously because the refresh counter becomes valid 
on the output bus tRFLCT after RFSH goes low, which is a 
shorter time than tRFPDL. This means the counter address 
is valid on the Q outputs before RAS occurs on all RAS 
outputs, strobing the counter address into that row of all the 
DRAMs (see Figure 2.). To perform 
externally-eontrolled 


burst refresh, RFSH initially can again have the same edge 
as RASIN, but then maintains a low state, since RASIN going 
low-to-high 
increments 
the counter 
(performing 
the burst 


refresh). 
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Mode 4 - 
Externally-Controlled 
Access 


This mode facilitates externally controlling 
all access-timing 


parameters associated with the DRAMs. Figures 4 and 5 
show the timing for read and write cycles. 


contents are transfered to the multiplexed 
address bus out- 
put Qo-Q8. RASIN can go low after the row addresses have 
been set up on Qo-Q8. and enables one RAS output selected 
by signals 80. 81 to strobe the Q outputs into the desired 
bank of memory. After the row-address 
hold-time 
of the 
DRAMs. RIG can go low so that about 40 nsec later, the 
column address appears on the Q output. 


Output Address Selection 


In this mode CS has to be low at least 50 nsec before the 
outputs will be valid. With RIG high. the row address latch 
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Automatic 
CAS Generation 


In a normal memory access cycle CAS can be derived from 
inputs CASIN or RIG. If CASIN is high. then RIG going low 
switches the address output drivers from rows to columns_ 
CASTN then going low causes CAS to go low approximately 
40 ns later, allowing CAS to occur at a predictable time (see 
Figure 5). For maximum system speed. CASIN can be kept 
low. since CAS will automatically occur approximately 
60 ns 


after RIG goes low (see Figure 4). Most DRAMs have a 
column address set-up time before CAS (tASC) of 0 ns or 
-10 
ns. In other words. a tASC greater than 0 ns is safe. This 


feature reduces timing-skew 
problems. thereby 
improving 
access time of the system. 


Fast Memory 
Access 


For faster access time. RIG can go Iowa time delay (tRPDL 
+ tRAH - tRHA) after RASIN goes low. where tRAH is the 
Row-Address hold-time of the DRAM. and CASIN can go low 
tRCC - tCPOL + tASC (min.) after RIG goes low (see tDiF1. 
tDiF2 switching characteristics). 


Mode i-Automatic 
Forced Refresh 


Mode 5 -Automatic 
Access 
with Hidden Refresh 


Mode 1 and Mode 5 are generally used together incorporat- 
ing the advantages of the "hidden 
refresh" performed 
in 
mode 5 with the possibiity to force a refresh by changing to 
mode 1. An advantage of the Automatic 
Access over the 


Externally-Controlled 
Access is the reduced memory access 
time, due to the fact that the output control signals are derived 
internally from one input signal (RASIN). 


Hidden 
Refresh is a term describing 
memory refresh per- 


formed when the system does not access the portion 
of 
memory controlled by the 74S409 (CS = 1).A hidden refresh 
will occur once per Refresh Clock (RFCK) cycle provided CS 
went high and RASIN went low. If no hidden refresh occurred 
while RFCK was high, the RF I/O (RFRO) goes low imme- 
diately after RFCK goes low, indicating to the system when a 
forced refresh is required. The system must allow a forced 
refresh to take place while RFCK is low by driving M2 (RFSH) 
low, thereby changing mode of operation to Mode 1. 


The Refresh Request on RF I/O (RFRO) is terminated 
as 
soon as RAS goes low, indicating 
to the system that the 
faced refresh has been done. The system should then drive 
M2 (RFSH)high, changing the mode of operation back to Mode 5 
(see Figure 6). 


Mode i-Automatic 
Forced Refresh 


In Mode 1, the R/C (RFCK) pin functions as RFCK (refresh 
cycle clock) instead of R/C, and CAS remains high. If RFCK 
is kept permanently high then whenever M2 (RFSH) goes 


low, an externally-controlled 
refresh will occur and all RAS 
outputs will follow RASIN, strobing the refresh counter con- 
tents to the DRAMs. The RF I/O pin will always output high, 
but can be set low externally 
through 
an open-collector 


driver, to reset the refresh counter. 


If RFCK is an input clock, one and only one refresh cycle 
must take place every RFCK cycle. If a hidden refresh does 
not occur 
while 
RFCK is high, in Mode 5, then 
RF I/O 
(Refresh Request) goes low immediately 
after RFCK goes 
low, indicating to the system that a forced refresh is required. 
The system must allow a forced refresh to take place while 
RFCK is low The Refresh Request signal on RF I/O may be 
connected 
to a Hold or Bus Request input to the system. 


The system acknowledges 
the HOid or Bus ~ 
when 
ready, and outputs 
Hold Acknowledge 
or Bus Request 


Acknowledge. 
If this is connected 
to the M2 (RFSH) pin, a 


forced-refresh 
cycle will be initiated by the S409, and RAS 
will be internally generated on all four RAS outputs, strobing 
the refresh counter contents on the address ouputs into all 
the DRAMs. An external 
RAS Generator 
Clock (RGCK) is 
requred for this function. It is fed to the CASIN (RGCK) pin, 
and may be up to 10 MHz. Whenever M2 goes low (inducing 
a forced refresh), RAS remains high for one to two periods of 
RGCK, depending on when M2 goes low relative to the high- 
to-low triggering edge of RGCK; RAS then goes low for two 
periods, performing a refresh on all banks. In order to obtain 
the minimum delay from M2 going low to RAS going low, M2 
should go low tRFSRG before the next falling edge of RGCK. 
The Refresh Request on RF I/O is terminated as RAS begins, 
so that by the time the system has acknowledged the removal 
of the request and disabled its Acknowledge, 
(i.e., M2 goes 
high), Refresh RAS will have ended, and normal operations 
can begin again in the Automatic Access mode (Mode 5). If it 
is desired that Refresh RAS end in less than 2 periods of 
RGCK from the time RAS went low, then M2 may go high 
earlier than tFROH after RF I/O goes high and RAS will go 
high tRFRH after M2. 


MOGe :. -AUl:OmalIC 
AcceSS 
wl'ln 
Hidden Refresh 


In this mode all address outputs, RAS and CAS are initiated 
from RASIN 
making the DRAM access appear similar to 


static 
RAM access. The hidden 
refresh 
feature 
enables 
DRAM refresh accomplished with no time-loss to the system. 


Provided the input address is valid as ADS goes low, RASIN 
can go low any time after ADS. This is because the selected 
RAS occurs typically 
27 ns later, by which 
time the row 


address is already valid on the address output of the 74S409. 
The Address Set-Up time (tASR), is 0 ns on most DRAMs. 
The 74S409 in this mode (with ADS and RASIN edges simul- 
taneously applied) produces a minimum tASR of 0 ns. This is 
true provided the input address was valid tASR before ADS 
went low (see Figure 7). 


Next, the row address is disabled tRAH after RAS goes low 
(30 ns minimum); in most DRAMs, tRAH minimum is less 
than 30 ns. The column address is then set up and (tASC I~ 
CAS occurs. The only other control input required is WIN. 
When a write cycle is required, WIN must go low at least 
30 ns before CAS is output low. 


This gives a total typical delay from: input address valid to 
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to col- 
umns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 ns 
from RASI N). All of these typical figures are for heavy capaci- 
tive loading, of approximately 88 DRAMs. 


Refreshing 


In this mode R/C (RFCK) functions 
as Refresh Clock and 


CASll'J (RGCK) functions as RA'S Generator Clock. 


One refresh cycle must occur during each refresh clock period, 
and then the refresh address must be incremented before the 
next refresh cycle. As long as 128rows are refreshed every 2 ms 
(one row every 16/,s), all 16K and 64K DRAMs will be correctly 
refreshed. The cycle time of RFCK must, therefore, be lessthan 
16/,s. RFCK going high sets an internal refresh-request flipflop. 
First the 748409 will attempt to perform a hidden refresh so that 
the system thruput will not be affected. If, during the time RFCK 


is high, CSon the 74S409goes high and RASIN occurs, a hidden 
refresh will occur. In this case, RASIN should be considered a 
common read/write strobe. In other words, if the processor is 
accessingelsewhere (other than the DRAMs) while RFCK ishigh, 
the 748409 will perform a refresh. The refresh counter isenabled 
to the address outputs whenever CS goes high with RFCK high, 
and all RAS outputs follow RASIN. If a hidden refresh is taking 
place as RFCK Qeeslow, the refresh continues. At the start ofthe 
hidden refresh, the refresh-request flipflop is reset so on further 
refresh can occur until the next RFCK period starts with the posi- 
tive-going edge of RFCK (seeFigure 6). RASIN should go low at 
least 20 ns before RFCK goes low, to ensure occurrence of the 
hidden refresh. 


To determine the probability of a hidden refresh occurring, 
goes low, (and the internal-request 
flipflop 
has not been 
for 81ls, then the system has 20 chances to not select the 
74S409. If during this time a hidden refresh did not occur, 
then the 74S409 forces a refresh while RFCK is low, but the 
system chooses when the refresh takes place. After RFCK 
goes low, (and the internal-request 
flip-flop 
has not been 
reset), RF I/O goes low indicating that a refresh is requested 
to the system. Only when the system acknowledges 
this 
request by setting M2 CRFSR) low does the 74S409 initiate a 
forced refresh (which is performed automatically). 
Refer to 
Mode 1, and Figure 6. The internal refresh request flipflop is 
then reset. 


Figure 6 illustrates the refresh alternatives 
in Mode 5. If a 
hidden refresh has occurred and CS again goes high before 
RFCK goes low, the chip is deselected. 
All the control sig- 
nals go high-impedance 
high (logic "1") and the address out- 
puts go three-state 
until CS again goes low. This mode 
(combined with Mode 1) allows very fast access, and auto- 
matic 
refreshing 
(possibly 
not even 
slowing 
down 
the 
system), with no extra ICs. Careful system design can, and 
should, 
provide 
a higher 
probability 
of hidden 
refresh 
occurring. The duty cycle of RFCK need not be 50 percent; 
in fact, the low-time should be designed to be a minimum. 
This is determined 
by the worst-case time (required by the 


system) to respond to the 74S409's forced-refresh 
request. 
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Figure 6. Hidden Refreshing 
(Mode 5) and Forced Refreshing 
(Mode 1) Timing 


CD REFRESH REQUEST RELEASED 
CD ~O-3GOLOWTOPERFORMREFRESH 
CD M2 (RFSH) RELEASED 


I-- tAOS----l 
AOSJ 
1 
_ 


-'ASJ-tAHA- 


ADDRESS 
INPUTS/ 
DATA 


tRCOL-- 


--IOS·-- 


Mode 2 -Automatic 
Burst Refresh 


This mode is normally used before and/or after a DMA opera- 
tion to ensure that all rows remain refreshed, provided the 
DMA transfer takes less than 2 ms (see Figure 8). When the 
74S409 enters this mode, CASIN (RGCK) becomes the RAS 
Generator 
Clock 
(RGCK), and RASIN 
is disabled. 
CAS 


remains high, and RF I/O goes low when the refresh counter 
has reached the selected 
End-of-Count 
and the last RAS 
has ended. RF I/O then remains low until the Auto-Burst 
Refresh mode is terminated. 
RF I/O can therefore be used 


as an interrupt to indicate the End-of-Burst 
condition. 


The signal on all four RAS outputs is just a divide-by-four 
of 
RGCK; in other words, if RGCK has a 100 ns period, RAS is 
high and low for 200 ns each cycle. The refresh counter 
increments at the end of each RAS, starting from the count it 
contained when the mode was entered. If this was zero then 
for a RGCK with a 100 ns period with End-of Count set to 
127, RF I/O will go low after 128 x 0.4I1S,or 51.2I1s.During this 
time, the system may be performing 
operations that do not 
involve DRAM. If all rows need to be burst refreshed, the 
refresh 
counter 
may be cleared 
by setting 
RF I/O low 


externally before the burst begins. 


Burst-mode 
refreshing is also useful when powering down 
systems for long periods of time, but with data retention still 
required while the DRAMs are in standby. To maintain valid 
refreshing, power can be applied to the 74S409 (set to Mode 
2), causing 
it to perform a complete 
burst refresh. When 
end-of-bust occurs (after 26 I1S),power can then be removed 
from the 74S409 for 2 ms, consuming an average power of 
1.3% of normal operating 
power. No control signal glitches 
occur when switching power to the 74S409. 


Mode 3a is useful at system initialization, when the memory 
is being cleared (i.e., with all-zeroes in the data field and the 
corresponding 
check bits for error detection and correction). 


This requires writing the same data to each location of mem- 
ory (every row of each column of each bank). All RAS out- 
puts are activated, as in refresh, and so are CAS and WE. To 
write to all four banks simultaneously, every row is strobed in 
each column, in sequence, until data has been written to all 
locations. The refresh counter is used to address the rows, 
and RAS is low for two RGCK cycles and high for two cycles. 
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set to 00, 01, or 10 in Mode 7, depending on the DRAM size. 
For example, for 16K DRAMs, B1 and BO are 00. For 64K 
DRAMs, B1 and BOare 01. 


low, and CASIN (RGCK) becomes RGCK. RF I/O goes low 
whenever the refresh counter is 127, 255, or 511 (as set by 
End-of-Count 
in Mode 7), and the RAS outputs are active. 
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Mode 3b - 
Externally-Controlled 
AII-RAS 
Write 


To select this mode, B1 and BO must first have been set to 11 
in Mode 7. This mode is useful at system initialization, 
but 
under processor control. The memory address is provided by 
the processor, which also performs the incrementing. All four 
RAS outputs 
follow 
RASIN 
(supplied 
by the processor), 
strobing the row address into the DRAMs. R/c can now go 
low, while CASIN may be used to control 
CAS (as in the 
Externally-Controlled 
Access mode), so that CAS strobes the 
column address contents into the DRAMs. At this time WE 
should be low, causing the data to be written 
into all four 
banks of DRAMs. At the end of the write cycle, the input 
address is incremented 
and latched by the 74S409 for the 
next write cycle. This method is slower than Mode 3a, since 
the processor must perform the incrementing and accessing. 
Thus the processor 
is occupied 
during 
RAM initialization, 
and is not free for other initialization 
operations. 
However, 
initialization sequence timing is under system control, which 
may provide some system advantage. 


Mode 4 - 
Externally-Controlled 
Access 


Mode 4 is described in with mode 0 in section "Mode 0 and 
Mode4:' 


Mode 5 -Automatic 
Access with 
Hidden Refresh 


See description of mode 0 and mode 5. 


Mode 6- 
Fast Automatic Access 


The Fast Automatic Access mode can only be used with fast 
DRAMs which have tRAH of 10 nsec-15nsec. The typical 
RASIN to CAS delay is 105nsec. In this mode CAS can be 
extended 
after RAS goes high to extend the data output 
valid time. This feature is useful in applications 
with short 
cycles where RAS has to be terminated as soon as possible to 
meet the precharge (tRP) requirements of the DRAM. 


Mode6 timing is illustrated in Figures 10and 11.Providedthat the 
input address is valid as ADS goes low, RASIN can go low 
any time after ADS. This is because the selected RAS occurs 
typically 27 ns later, by which time the row address is already 
valid on the address output 
of the 74S409. The Address 


Set-Up time (tASR), is 0 ns on most DRAMs. The 74S409 in 
this mode (with ADS and RASIN 
edges simultaneously 
applied) produces a minimum tASR of 0 ns. This is true pro- 
vided the input address was valid tASA before ADS went low 
(see Figure 10). 


Next, the row address is disabled tRAH after liAS goes low 
(20 ns minimum); the column address is then set up and tASC 
later, CAS 
occurs. The only other control 
input required is 
WIN. When a write cycle is required, WTN must go low at 
least 30 ns before CAS is output low. 


This gives a total typical delay from: input address valid to 
RASIN (15 ns); to RAS (27 ns): to rows valid (50 ns); to col- 
umns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 ns 
from l'1ASll\l). All of these typical figures are for heavy capaci- 
tive loading, of approximately 88 DRAMs. 


This mode is therefore extremely fast. The external timing is 
greatly simplified for the memory system designer: the only 
system signal required is l'1ASll\l. 


In this mode, the R/C (RFCK) pin is not used, but CASll"r 
(RGCK) is used as CASll"r to allow an extended CAS after 
liAS 
has already terminated. Refer to Figure 11. 


Mode 7 - Set End-of-Count 
(3a, 3b select) 


The End-of-Count 
can be externally 
selected 
in Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table 3) With B1 and BOthe same 'EOC is 127; with B1 
= 0 and BO = 1, 'EOC is 255; and with B1 = 1 and BO = 0, 
"EOC is 511.This selected value of EOC will be used until the 
next Mode 7 selection. At power-up 
the 'me is automati- 
cally set to 127 (B1 and BOset to 11). 


When B, ,B2are set to 11in mode 7, mode 3b will be selected 
if mode 3 is selected (M2, M1, Mo = 0,1,1). 
If B1,B2 is set to 
00,01 or 10 then mode 3a will be selected. 
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SN74S409/·2 
Specifications: 


Absolute Maximum Ratings 
(Note 
1) 


Supply 
voltage 
VCC 
.........................................•........•..•..•.........•..•............... 
-0.5 V to 7.0 V 
Storage 
temperature 
range 
.....................•...................•........•........................... 
-65° 
to +150° C 


Input voltage 
..................................................................•..•..................... 
-1.5 V to 5.5 V 


Output 
current 
.................................................•...............................•.............. 
150 mA 


Lead temperature 
(soldering. 
10 seconds) 
300°C 


SYMBOL 
PARAMETER 
FIGURE 
'5409 
'5409-2 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.75 
5.25 
4.75 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
0 
75 
°C 


tASA 
Address setup time to ADS 
Figures 4,5,7,10, 
11 
15 
15 
ns 


tAHA 
Address hold time from ADS 
Figures 4,5,7,10, 
11 
15 
15 
ns 


tADS 
Address strobe pulse width 
Figures 4,5,7,10, 
11 
30 
30 
ns 


tRASINL,H 
Pulse width of RASIN during refresh 
Figure 3 
50 
50 
ns 


tRST 
Counter reset pulse width 
Figure3 
70 
70 
ns 


tRFCKL H 
Minimum pulse width of RFCK 
Figure 6 
100 
100 
ns 


T 
Period of RAS generator clock 
Figure 6 
100 
100 
ns 


tRGCKL 
Minimum 
pulse width low of RGCK 
Figure 6 
35 
35 
ns 


tRGCKH 
Minimum pulse width high of RGCK 
Figure 6 
35 
35 
ns 


tCSRL 
CS low to access RASI N low 
See Mode 5 description 
10 
10 
ns 


tRFSRG 
RFSH low set-up to RGCK low (Mode 1) 
See Mode 1 description 
35 
35 
ns 


tRQHRF 
RFSH hold time from RFRQ (RF I/O) 
Figure 6 
2T 
2T 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Ve 
Input 
clamp 
voltage 
Vee 
= MIN,le 
= -12mA 
-0.8 
-1.2 
V 


IIH1 
Input 
high current 
for ADS, 
R/e 
only 
VIN 
=2.5V 
2.0 
100 
IlA 


IIH2 
Input 
high current 
for other 
inputs, 
except 
RF I/O 
VIN 
=2.5V 
1.0 
50 
IlA 


IIRSI 
Output 
load current 
for RF I/O 
VIN 
= 0.5V, output 
high 
-1.5 
-2.5 
mAV 


IleTL 
Output 
load current 
for 'RAS, CAS, WE 
VIN 
= 0.5V, chip 
deselct 
-1.5 
-2.5 
mA 


11L1 
Input 
low current 
for ADS, 
R/C only 
VIN 
=0.5V 
-0.1 
-1.0 
mA 


IIL2 
Input 
low current 
for other 
inputs, 
except 
RF I/O 
VIN 
=0.5V 
-0.05 
-0.5 
mA 


VIL** 
Input 
low threshold 
0.8 
V 


VIH** 
Input 
high threshold 
2.0 
V 


VOL1 
Output 
low voltage, 
except 
RF I/O 
10L 
= 20mA 
0.3 
0.5 
V 


VOL2 
Output 
low voltage 
for RF I/O 
10L 
= 10mA 
0.3 
0.5 
V 


VOH1 
Output 
high voltage, 
except 
RF I/O 
10H 
=-1mA 
2.4 
3.5 
V 


VOH2 
Output 
high voltage 
for RF I/O 
10H 
= -1OOIlA 
2.4 
3.5 
V 


110 
Output 
high drive 
current, 
except 
RF I/O 
VOUT 
= 0.8V (Note 
3) 
-200 
mA 


100 
Output 
low drive 
current, 
except 
RF I/O 
VOUT 
= 2.7V (Note 
3) 
200 
mA 


10Z 
Three-state 
output 
current 
O.4V:s 
VOUT:S 
2.7V, 
-50 
1.0 
50 
~ 
(address 
outputs) 
es 
= 2.0V, Mode 
4 


Ice 
Supply 
current 
Vee 
= MAX 
250 
325 
mA 


elN 
Input 
capacitance 
ADS, 
R/C 
TA 
= 25°C 
8 
pF 


GIN 
Input 
capacitance 
all other 
inputs 
TA 
= 25°C 
5 
pF 


Switching Characteristics: 
vee = 5.0V ± 5.0%, ooe::s TA::S 75°C 
See Figure 12 for test load (switches S1 
and S2 are closed unless otherwise specified) typicals are for Vee = 5V,TA = 25°C. 


SYMBOL 
ACCESS PARAMETER 
FIGURE 
'S409 
'S409-2 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tRHA 
Row address held from column select 
Figure 4 
10 
10 
ns 


tRICI 
RASIN to CAS output delay (Mode 5) 
Figures 7, 10 
95 
125 
160 
75 
100 
130 
ns 


tRICI 
RASI N to CAS output delay (Mode 6) 
Figures 7, 10, 11 
80 
105 
140 
65 
90 
115 
ns 


tRICH 
RASIN to CAS output delay (Mode 5) 
Figures 7, 10 
50 
63 
80 
50 
63 
80 
ns 


tRICH 
RASIN to CAS output delay (Mode 6) 
Figures 7,10,11 
40 
48 
60 
40 
48 
60 
ns 


tRcm 
RAS to CAS output delay (Mode 5) 
Figures 7,10 
98 
125 
75 
100 
ns 


tRcm 
RAS to CAS output delay (Mode 6) 
Figures 7, 10, 11 
78 
105 
65 
85 
ns 


tRcDH 
RAS to CAS output delay (Mode 5) 
Figures 7, 10 
27 
40 
27 
40 
ns 


tRCOH 
RAS to CAS output delay (Mode 6) 
Figures 7, 10 
40 
65 
40 
65 
ns 


tCCDH 
CASIN to CAS output delay Mode 6) 
Figure 11 
40 
54 
70 
40 
54 
70 
ns 


tRCV 
RASIN to column address valid (Mode 5) 
Figures 7, 10 
90 
120 
80 
105 
ns 


tRCV 
RASIN to column address valid (Mode 6) 
Figures 7, 10, 11 
75 
105 
70 
90 
ns 


tRPDL 
RASIN to RAS delay 
Figures 4,5,7,10,11 
20 
27 
35 
20 
27 
35 
ns 


tRPDH 
RASIN to RAS delay 
Figures4,5, 
7, 10, 11 
15 
23 
32 
15 
23 
32 
ns 


tAPni 
Address input to output iow delay 
Figures 4, 5, 7, 10, 11 
25 
40 
25 
40 
ns 


tAPDH 
Address input to output high delay 
Figures 4, 5, 7, 10, 11 
25 
40 
25 
40 
ns 


tSPDL 
Address strobe to address output low 
Figures 4, 5 
40 
60 
40 
60 
ns 


t~POH 
Address strobe to address output high 
Figures 4, 5 
40 
60 
40 
60 
ns 


IwPOI 
WI N to WE output delay 
Figure5 
15 
25 
30 
15 
25 
30 
ns 


IwPDH 
WI N to WE output delay 
Figure5 
15 
30 
60 
15 
30 
60 
ns 


tCRS 
CASIN setup time to RASIN high (Mode 6) 
Figure 11 
35 
35 
ns 


tCPOI 
CASIN to CAS delay (R/C low in Mode 4) 
Figure 5 
32 
41 
58 
32 
41 
58 
ns 


tCPDH 
CASIN to CAS delay 
Figure 5 
25 
39 
50 
25 
39 
50 
ns 


tRCC 
Column select to column address valid 
Figure4 
40 
58 
40 
58 
ns 


tRCR 
Row select to row address valid 
Figures4,5 
40 
58 
40 
58 
ns 


tRAH 
Row address hold time (Mode 5) 
Figures 7, 10 
30 
20 
ns 


tRAH 
Row address hold time (Mode 6) 
Figures 7,10,11 
20 
12 
ns 


tASC 
Column address setup time (Mode 5) 
Figures 7,10 
8 
3 
ns 


tASC 
Column address setup time (Mode 6) 
Figures 7, 10, 11 
6 
3 
ns 


tDiF1 
Maximum (tRPDI 
- tRHA) (Mode 4) 
15 
15 
ns 


tDiF2 
Maximum (tRCC - tCPDL) (Mode 4) 
15 
15 
ns 


SYMBOL 
REFRESH 
PARAMETER 
TEST CONDITIONS 
'S409 
'S409-2 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tFROL 
RFCK low to forced RFRO low 
CL = 50 pF, Figure 6 
20 
30 
20 
30 
ns 


tFROH 
RGCK low to force RFRO high 
CL = 50pF, Figure 6 
50 
75 
50 
75 
ns 


tRGRL 
RGCK low to RAS low 
Figure 6 
50 
65 
95 
50 
65 
95 
ns 


tRGRH 
RGCK low to RAS high 
Figure 6 
40 
60 
85 
40 
60 
85 
ns 


tRFRH 
RFSH high to RAS high 
See Mode 1 
55 
80 
110 
55 
80 
110 
ns 
(encoding 
forced RFSH) 
description 


tCSCT 
CS high to RFSH counter valid 
Figure6 
55 
70 
55 
70 
ns 


tCTL 
RF I/O low to counter outputs all low 
Figure3 
100 
100 
ns 


tRFPDL 
RASIN to RAS delay during refresh 
Figures 3, 6 
35 
50 
70 
35 
50 
70 
ns 


tRFPDH 
RASIN to RAS delay during refresh 
Figures 3, 6 
30 
40 
55 
30 
40 
55 
ns 


tRFLCT 
RFSH low to counter address valid 
CS = X, Figures 3,6,8 
47 
60 
47 
60 
ns 


tRFHRV 
RFSH high to row address valid 
Figures 3, 6 
45 
60 
45 
60 
ns 


tROHNC 
RAS high to new count valid 
Figures 3, 8 
30 
55 
30 
55 
ns 


tRLEOC 
RASIN low to end-of-countlow 
CL = 50pF, Figure 3 
80 
80 
ns 


tRHEOC 
RASI N high to end-of-count 
high 
CL = 50pF, Figure 3 
80 
80 
ns 


tRGEOB 
RGCK low to end-of-burstlow 
CL = 50pF, Figure 8 
95 
95 
ns 


tMCEDB 
Mode change to end-of-burst 
high 
CL = 50pF, Figure 8 
75 
75 
ns 


SYMBOL 
ACCESS PARAMETER 
TEST CONDITIONS 
'S409 
'S409-2 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


THREE-STATE 
PARAMETER 


tZH 
CS low to address output high from Hi 
Figures 
6, 12 
35 
60 
35 
60 
ns 
R1 = 3.5k, R2 = 1.5k 


tHZ 
CS high to address output Hi-Z from high 
Cl = 15pF, Figures 
6,12 
20 
40 
20 
40 
ns 
R2 = 1k, S1 Open 


tZl 
CS low to address output low from Hi-Z 
Figures 
6, 12 
35 
60 
35 
60 
ns 
R1 = 3.5k, R2 = 1.5k 


tlZ 
CS high to address output Hi-Z from low 
Cl - 
15pF, Figures 
6,13 
25 
50 
25 
50 
ns 
R1 = 1k, S2 Open 


tHZH 
CS low to control output CWE, CAS, 
Figures 6,12 
50 
80 
50 
80 
ns 
(RASO-3) 
high from Hi-Z high 
R2 = 7500, S1 open 


tHHZ 
CS high to control output CWE, CAS, 
Cl = 15pF 
40 
75 
40 
75 
ns 
(RASO-3) 
Hi-Z high from high 
R2 = 7500, S 1 open 


tHZl 
CS low to control output CWE, CAS, 
Figure 
12 
45 
75 
45 
75 
ns 
(RASO-3) 
low from Hi-Z high 
S1, S20pen 


tLHZ 
CS ~9h to control output (WE, CAS, 
Cl - 
15pF, Figure 
12 
50 
80 
50 
80 
ns 
(RA 
0-3) Hi-Z high from low 
R2 = 7500, S1 open 


~Internally 
the device 
contains 
a 3K resistor 
in series with a Schottky 
Diode 
toVCC· 


Note 
1: Output 
load capacitance 
is typical 
for 4 banks 
of 22 DRAMs 
or 88 


DRAMs 
including 
trace capacitance. 
These values 
are: 00-08. 
CL = 5OOpF; 
RASO-RAS3, 
CL = 150pF; CAS CL = 600pF 
unless otherwise 
noted. 


Note 2: All typical 
values 
are forTA = 25°C and VCC = 5.0V 


Note 
3: This test is provided 
as a monitor 
of Driver 
output 
source 
and sink 


current 
capability. 
Caution 
should 
be exercised 
in testing 
this 
parameter. 


In testing 
these 
parameters, 
a 150 resistor 
should 
be placed 
in series 
with 


each output 
under 
test. One output 
should 
be tested 
at a time and test time 
should 
not exceed 
1 second. 


Note 4: Input pulse OV to 3.0V, tR = tF = 2.5 ns, f = 2.5 MHz. tpw = 200 ns. 
Input reference 
point 
on AC measurements 
is 1.5V. Output 
reference 
points 


are 2.7V for High and 0.8V for Low. 


5VSfl 


OUTPUT 
UNDER 


TEST 


S2 
CLUR2 


Figure 13. Change in Propagation Delay vs Loading 


Capacitance 
Relative to a 500 pF load 


Rl, 
R2 = 4.7K EXCEPT 
AS SPECIFIED. 
* The "TEST POINT" is driven by the output 
under test, 


and observed by instrumentation. 


---O.5V 
-!ILHZ 
III 


MonoIIthIo W Memories 


Applications 


The 748409 
Dynamic 
RAM Controller 
provides 
all the 
address and control signals necessary to access and refresh 
dynamic RAMs. 8ince the 748409 is not compatible with a 
specific bus or microprocessor, an interface is often neces- 
sary between the 748409 and the system. A general applica- 
tion using PAL to implement the interface and two additional 


chips to provide refresh clock and chip select is shown in 
Figure 14. 


The 748409 operating modes may vary from application to 
application. 
For efficient refresh it is recommended to use 
mode 
1 and 
mode 5 to take advantage 
of the 
hidden 
(transparent) refresh with forced refresh backup. 
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~ 
I 
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RAS 
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'I 
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Monolithic mMemories 


Arithmetic 
Logic Unit/ 


Function 
Generator 
SN74S381 


• A fully 
parallel 
4-blt 
ALU 


• 
Ideally 
suited 
for high-speed 
processors 


• 
Generate 
and propagate 
outputs 
for full carry 
lookahead 


• Three 
arithmetic 
functions 


• Three 
logic 
functions 


• 
Preset 
and clear 
functions 


Description 


The'S381 
is a Schottky 
TTL arithmetic 
logic unit (ALU)/function 


generator 
that performs 
eight binary arithmeticllogic 
operations 


on two 4-bit words 
as shown 
in the function 
table. These opera- 


tions are selected 
by the three function-select 
lines (SO, S 1, S2). 


A fUlllookahead 
carry 
circuit 
is provided 
for fast, simultaneous 


carry generation 
by means of two cascaded 
outputs 
(P and G) for 


the four bits in the package. 


PART NUMBER 


SN74S381 


PACKAGE 


N, J 


Pin Configuration 


SN74S381 


SELECTION 


S2 
Sl 
SO 
ARITHMETIC/LOGIC 
OPERATION 


L 
L 
L 
Clear t 


L 
L 
H 
S minus 
A 


L 
H 
L 
A minus 
S 


L 
H 
H 
A plus S 


H 
L 
L 
A0s 


H 
L 
H 
A 
+ 
S 


H 
H 
L 
AS 


H 
H 
H 
Preset tt 


t Force all F outputs 
to be Lows. 
tt Force all F outputs 
to be Highs. 


2175 Mission 
College 
Blvd. 
Santa 
Clara, 
CA 95054-1592 
Tel: (408) 970·9700 
;:~~ 
:~~~~~::~~~: II:;,':!!!;'::: W 
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so 
•••. 
•.... 


~~FO.. 


~:_~ 
r~F2 


INPUTS 
OUTPUTS 


FUNCTION 
S2 
S1 
SO 
Cn 
A3 
A2 
A1 
AO 
83 
82 
81 
80 
F3 
F2 
F1 
FO 
G 
P 


Clear 
0 
0 
0 
X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 


B minus 
A 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


(Inverse 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 


Subtraction) 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 


0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 


A minus 
B 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 


(Subtract) 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
0 


A plus B 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 


(Add) 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 


1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 


INPUTS 
OUTPUTS 


FUNCTION 
S2 
S1 
SO 
Cn 
A3 A2 A1 AO 
83 82 81 80 
F3 
F2 F1 
FO 


A0B 
X 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
X 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


(OR) 
X 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
X 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 


X 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
A0B 
1 
0 
1 
X 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
(XOR) 
X 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


X 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
A-B 
1 
1 
0 
X 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 


(AND) 
X 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


X 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 


Preset 
1 
1 
1 
X 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
X 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 ::::HIGH voltage level 


o = LOW voltage 
level 


X = Don't care 


MonolithiomMemories 


Absolute 
Maximum 
Ratings 


Supply voltage VCC ..........................................................•..•...•........•..................... 
7 V 
Input voltage .............................•........•.............................................................. 
5.5 V 
Storage temperature range .....................................•......................................... 
_65 
0 to +15O"C 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply voltage 
4.75 
5 
5.25 
V 


TA 
Operating free-air temperature 
0 
75 
·C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VIL 


Low-level 
0.8 
V 
input voltage 


VIH 


High-level 
2 
V 
input voltage 


VIC 


Input clamp 
VCC = MIN 
II = -18 mA 
-1.2 
V 
voltage 


Any S input 
-2 


IlL 


Low-level 
VCC = MAX 
VI = 0.5 V 
Cn 
-8 
mA 
input current 
All others 
-6 


Any S input 
50 


'IH 


High-level 
VCC = MAX 
VI = 2.7 V 
Cn 
250 
I"A 
input current 
All others 
200 


I, 
Maximum 
VCC = MAX 
VI = 5.5 V 
1 
mA 
input current 


VOL 


Low-Level 
VCC = MIN 
VIH = 2 V 
0.5 
V 
output voltage 
V,L = 0.8 V 
10L = 20mA 


VOH 


High-level 
VCC = MIN 
VIH = 2 V 
2.7 
3.4 
V 
output voltage 
VIL = 0.8V 
'OH = -1 mA 


10S 


Output short- 
VCC = MAX 
-40 
-100 
mA 
circuit current* 


ICC 
Supply current 
VCC = MAX 
105 
160 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
FROM 
TO 
745381 
UNIT 
(SH Int.If..,. T.lt LoedlW ••• forml) 
(INPUT) 
(OUTPUT) 
TYP 
MAX 


tp 
Propagation delay time 
C 
Any F 
10 
17 
ns 


tp 
Propagation delay time 
Any Aor B 
G 
12 
20 
ns 


tp 
Propagation delay time 
Any AOI B 
P 
11 
18 
ns 


tpLH 
Propagation delay, 
CL = 15pF 
RL = 2800 
18 
27 
ns 
low-to-high 


Propagation delay, 


AnyAorB 
AnyF 


tpHL 
high-to-Iow 
16 
25 
ns 


tp 
Propagation delay time 
AnyS 
Any F. G. P 
18 
30 
ns 


745381 + 745182 


1-4 bits 
27ns 
5-16 bits 
44ns 
17-64bits 
64ns 
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MULTIPLIERS 


Table of Contents 
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11 ...................•.... 
11-2 
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11-3 
SN74S51616x16 
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11-8 
74S55616x16 
Flow-Thru'· 
Multiplier 
Slice 
11-24 
SN74S557 
8x8 High Speed 
Schottky 
Multipliers. 
. . . .. 
11-37 
SN54/74S558 
8x8 High Speed 
Schottky 
MUltipliers 
... 
11-37 


DESCRIPTION 
PART NUMBER 
MAX DELAY 
PINS 


8x8 Multiplier 
(latched) 
SN74S557 
60 ns (Xi' Yi. to S15) 
40 
8x8 Multiplier 
SN74S558 
60 ns 
40 


8x8 Multiplier 
SN54S558 
60 ns 
40 


16x16 Multiplier 
SN74S556 
76 ns (Xi. Yi to S15-0) 
84 


90 ns (Xi, Yi to S31-16) 
84 


Five New Ways to Go Forth and Multiply 


Recently it has seemed as if every time you turned around 
Monolithic Memories was announcing another 
new multiplier. 
Want to catch your breath, and find out where each of these fits 
into the overall scheme of things? Read on. 


Actually, there havebeenfive new multipliers in all within the last 
three years, plus two which had previously been available for 
several years. In time order of introduction, these are: 


PartsNo. 
DescrlptlonA 


57/67558 
150-nsec 8x8 Flow-Through Gray Multipliers 


57/67558-1 
125-nsec 8x8 Flow-Through Gray Multipliers 


54fi4S508 
8-Bit 
Bus-Oriented 
Sequential 
Multiplier/ 
Divider 
60-nsec 8x8 Flow-Through Gray Multiplier 
60-nsec 8x8 Flow-Through Gray Multiplierwith 
Transparent Output Latches 
16-Bit 
Bus-Oriented 
Sequential 
Multiplier/ 
Divider 


9O-nsec 16x16 Flow-Through Gray Multiplier 
with Transparent Input and Output Latches for 
full 32-bit output 


54fi45558 
54fi45557 


NOTES; 
A. Times are worst-case 
times for commercial-temperature-range 
parts. 


B. Obsolete. 
541748558 
replaces 
these in both new and existing 


designs. 


You will notice that the above parts fall into 
two categories: 


flow-through Gray multipliers, and bus-oriented sequential mul- 
tiplier/dividers. Although all of these parts get referred to rather 
casually as "multipliers," there are major differences between 
the two general types; see Table 1 below. 


11Ie Cray Multipliers 


The essential 
idea of a Gray multiplier, 
as originally 
put 


together 
by Seymour 
Cray in the late 1950s with discrete 


logic at Control Data Corporation, is to wire up an array of full 
adders 
in the form of a binary-arithmetic-multiplication 


pencil-and-paper 
example3 That is, everywhere 
that there 


is a "1" or a "0" in a longhand binary-multiplication 
exam- 


ple, the Cray type of multiplication 
uses a full adder. One 


may visualize a Cray multiplier 
functionally 
as a "diamond;' 


as follows: 


LOWER 
HALF 
HALF 


DOUBLE-LENGTH 
PRODUCT 


Package 


Operations 
Performed 


Storage 
Capabilities 


Building-block 
role - 
as many as 34 parts used in one super- 


minicomputer 
(NORD-500 from Norsk Data'). 


Static arithmetic-logic 
network; 
multiplies 
without 
being 


clocked~ using eight bits of the multiplier at a time. 


40-pin DIP ('S557/8); 84-pin LCC or 88-pin PGA ('S556) 


Can only perform multiplication. 


Either no storage capabilities ('558 types), or optional storage 
for the double-length 
product only ('557 type), or full 


product and input storage ('556 type). 


Co-processor 
role - 
one, or occasionally two, parts used in 


one microcomputer2. 


State machine; requires clocking to operate; contains edge- 
triggered registers; sequenced by a state counter; multiplies 
using two bits of the multiplier at a time'. 


Controlled by sequences of micro-opcodes 
which come from 


a microprocessor. a registered PAL,or some other sequential- 
control device. 


24-pin DIP. 


Can perform multiplication, 
division, and multiplication-with- 


accumulation. 


Four full-length 
registers; capable of storing both input oper- 


ands and the double-length 
product. 


Potential large market today since these parts are now iow- 
cost and multiple-sourced, and should be used in all new mini- 
computer designs! 


Initial usage has been in industrial-control 
microcomputers, 


digital modems, military avionics, CRT graphic systems, video 
games, and cartographic 
analysis systems. 


Potential huge world-wide market for enhancement of micro- 
processor. bit-slice processor. and microcomputer capabilities. 
and for small-scale signal processing! 


Our 57/67558, introduced in the mid-1970s, was the original 


single-chip Gray mUltiplier. To achieve what was for that time 
very high performance for a Schottky- TTl-technology 
part, the 


internal design of the 57/67558also exploited other speed-freak 
multiplication 
techniques such as Booth muItiplication4 
and 


Wallace-TreeadditionS All ofthese techniques achieve increased 
speed through extensive parallelism, and can be used at the 
system level as well as within lSI components. SUbsequently, 
process improvements made it possible to offer afaster final-test 
option, the 57/67550-1, which attained a sales-volume level 
essentially equal to that of the original part. 


About five years ago, AMD paid us the sincere compliment 


of second-sourcing these parts with the 75-nsec 25S558.Three 
years ago, we returned the compliment 
with the 6(}nsec 


54/74S558. All of these '558 parts, and the 7(}nsec 54/74F558 
announced by Fairchild, are fully compatible drop-in equival- 
ents except for the variations in logic delay. 


When AMD introduced the 25S558, they introduced along 


with it the 80-nsec 
25S557, a "metal option" of the same 


basic design with "transparent" 
output latches to hold the 


double-length 
product. "Transparent" means that the latches 


go away when you don't want them there; a latch-eontrolline 
like that of the 54/748373 
controls 
whether 
these output 


latches store information, or simply behave as output buffers. 
Anyway, when we introduced our 54/748558, 
we followed it 


within a few weeks with the 60-nsec 54/748557, which is a 
much faster drop-in replacement for AM D's part. And subse- 
quently, Fairchild has announced a 70-nsec 54/74F557. 


Because 
AMD's 
'8557 
has the output 
latches 
imple- 


mented in TTl technology after the EGl-to-TTl 
converters, 
whereas our '8557 has them implemented in EGl technology 
before the conversion, 
the latches operate much faster in 


ours. Our '8557 is typically only about a nanosecond slower 
than our '8558, whereas the logic-delay difference between 
AMD's two parts is considerably 
greater. Consequently, our 


margin of superiority over AMD for the '8557 is even greater 
than for the '8558. 
More recently, we introduced the 9O-nsec 'S556, which is a 
16x16 direct size-upgrade of the 'S557/8 architecture, with the 
addition of input latches. In a "pipelined" mode, an 'S556 can 
produce a new 32-bit product every 75 nsec. 


'S557/8Gray multipliers come in a40-pin dual-inline package, 


either ceramic or plastic. Worst-case power-supply current is 
280 mA. The '8556 comes in your choice of an 84-pin lGG 
(Leadless Chip Carrier) or an 88-pin PGA (Pin-Grid Array) 
package. Worst-case power-supply current is 800 mA (900 mA 
over military temperature range). The data-bus outputs can sink 
up to 8 mA IOl, for all of these multipliers. 


References5and6 discuss technical approaches to using Gray 


mUltipliers in high-performance 
minicomputers. 
The '8558, 


together with PROMs organized in a "Wallace-tree" 
configu- 


ration, can sail right along at the rate of four 56x56 multipli- 
cations 
every 
microsecond, 
on the basis of fixed-point 


arithmetic with no renormalization. 
(8ee table 7 on page 16 


of reference 5; the mUltiplication time is 238 nsec for a "divi- 
sion step:' which is a fixed-point 
multiplication, 
and 319 nsec 


for a floating-point 
mUltiplication where extra time is required 


for renormalization 
and correction 
of the exponent 
of the 


product.) 34 '8558s or '8557s are required to perform this 
mUltiplication 
if the computer system architecture 
does not 
call for the computation 
of the least-significant 
half of the 


double-length 
product; 49 are required if it does. 


~ ... ~ 
·S558."'OGETH€R 
Wl'fl-l PRof*.) 
ORGANIzE.O 
IN A"WAL.LACE.-TREE"CONFIGURA"TION, 
CAN SAIL. 


RlGI-lT ALONG AT 1l-tE RATE OF FOUR 
56)( 
56 


MUL1IPl,.ICATIOl\)S 
EvERy 
MICROSECOND 
.. 
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The "local" architecture 
of the multiplier section of a digi- 


tal system can take two rather different 
forms. A minicom- 


puter; which executes an unpredictable mixture of arithmetic 
and logical instructions one after the other, typically needs to 
be able to get the complete mUltiplication over and done with 
before going on to the next program step-which 
is proba- 


bly not another mUltiplication. An array processor or digital 
correlator, however, tends to do very regular iterative compu- 
tations; and the performance of such a system can often be 
greatly increased by a technique called "pipelining:' 
in which 


the arithmetic unit consists of stages with registers or latches 
in between 
each stage, and partial computational 
results 


move from one stage to the next on each clock. 


The "flow-through" 
architecture 
of the '8558 
works 


equally well in synchronous or asynchronous 
pipelined sys- 


tems, but registers or latches must be provided externally. 
The '8557, however, is actually a superset of the '8558, and 
the added internal-output-Iatch 
feature adapts it particularly 


well to pipelined systems.The 'SS56provides latchesatboth ends. 


Even a smaller-scale system can make effective use of these 
parts. To return to the case of 56x56 mUltiplication, which cor- 
responds to the word-length needed for multiplying mantissas 
in several popular floating-point-number 
formats, an iterative 
clocked scheme using just seven 8x8 multipliers, some adders, 
and an accumulator register can form the entire 112-bit double- 
length product in just seven multiply/add cycles. A number of 
mid-range minicomputers today multiply in this manner. The 
multipliers are configured as suggested by the following block 
diagram: 


8-BIT PORTION 
OF MULTIPLIER 
56-BIT 
MUL TIPLICANO 
_____ ~F\. 
~ 


64-BIT PARTIAL 
PRODUCT 
Figure 2. 8x56 Cray Multiplier 
In Diamond Representation 


There is even an occasional 8-bit or 16-bit microprocessor- 
based system with a need for very fast mUltiplication, where 
'8557/8s or '8556s may get used as microprocessor peripher- 
als7.8. Digital-video systems, in particular electronic games,with 
"vector graphic" capabilities are one example. 


The world of '8556/7/8 applications has turned out to include 
all sizes of minicomputers, digital video systems, and signal 
processors - 
FFT (Fast Fourier Transform) processors, voice 
recognition equipment, radar systems, digital correlators and 
filters, electronic seismographs, brain and body scanners, and 
so forth. And there are many unexpected off-beat applications, 
such as real-time data-resealing circuits in instruments, alto- 
gether too numerous to list here. After all, an'S556 can multiply 
two 16-bit numbers together and output their entire 32-bit pro- 
duct in 90 nsec worst case...less time than it would take a 
speeding bullet to move the distance equal to the thickness of 
this piece of paper. How's that for 8upermultiplier? 


11IeMultiplier/Dividers 


The Monolithic 
Memories '8516 and 'S508 are state-of-the- 


art TTL-compatible 
intelligent 
peripherals 
for micropro- 


cessors, somewhere between arithmetic sequential circuits 
and specialized 
bipolar 
microprocessors. 
The 'S516 and 


'S508 each can perform 
any of 28 different 
multiply 
and 
multiply-and-accumulate 
instructions, 
plus any of 13 differ- 
ent divide instructions, 
at bipolar speeds under the control 
of an internal state counter. (see Figure 2 of the '8516 data 
sheet.) The state counter's sequence is in turn guided by 3-bit 
instruction codes which are external inputs to the '8516/508. 
The '8516 computes with 16-bit binary numbers, and the '8508 
computes with 6-bit binary numbers, as the part numbers none- 
too-subtly imply. 


A 16-bit bi-directional 
data bus connects the 'S516 with 
the outside world for bringing 
in multipliers, 
multiplicands, 


dividends, 
and divisors; and returning 
products, quotients 
and remainders. 
It also has clock (CK) and run/wait 
(GO) 
inputs, and an overflow indication (OVR) output. 


The 'S508 has all of the above inputs and outputs also, 


except that it has only an 8-bit bidirectional 
data bus. 8ince 
it comes in the same 24-pin package as the 'S516, it obvi- 
ously has eight more pins available for other purposes. Four 
of these are used to bring out the internal-state-counter 
value; one each is used for a completion 
(DONE) status 
output, an output-enable 
control (OE) input, and a master- 
reset (MR) control input; and one is not used at all. 


A simple, general interfacing scheme can be used to team 
a '8516with any ofthe currently popular 16-bitmicroprocessors,or 
an '8508with any 6-bit microprocessor. (SeeFigure 7of the'S516 
data sheet.) With a couple extra interface circuits, an'8516 can 
also be interfaced to an 6-bit microprocessor.Particularly 
if the 
system software is written in a highly-structured language such 
as PA8CAL or FORTH, an'8516/508 can be retrofitted into an 
existing system with a large gain in performance and very little 
impact on either hardware or software - 
calls to the previous 
software-implemented one-step-at-a-time multiply and divide 
subroutines are simply rerouted to substitute a command from 
the microprocessor to the '8516/508 to accept an operand and 
start its operation sequence. 
The 'S516 and 'S508 
are in fact two different 
"metal 
options" of one basic design; the 'S516 has twice as many 
data bits in each internal register. The 'S516 and 'S508 both 
have a worst-case 
clock rate of 6 MHz (commercial) 
or 5 
MHz (military); the typical rate is 8 MHz. The simplest com- 
plete twos-complement 
16x16 multiplication 
instruction can 
be performed in nine clock cycles by an ·S516. or in five by 
an 'S508, 
since 2-bits-at-a-time 
Booth 
multiplication 
is 
used;' thus, the worst-case 
time required 
by the 'S516 to 
multiply in this mode is 1.5llsec 
for a commercial 
part, and 
for an 'S508 it is 833 nsec. On the same basis, 32/16 division 
can be done in 21 clock cycles. or 3.5llsec worst-case, by an 
'S516; and 16/8 division can be done in 13 clock cycles, or 
2.2llsec worst-case. by an ·S508. 
An '8516/508 can perform either positive or negative mul- 
tiplication or multiply-accumulation, 
and many of the instruc- 
tions provide for "chaining" 
of successive computations 
to 
eliminate extra operand transfers on the bus; these features 
further enhance the computational 
speed of the '8516/508 
in particular applications. Arithmetic can be either integer or 
fractional with respect to positioning of the results. 
An 'S516 can powerfully 
enhance the capabilities 
of any 


present-day 
16-bit or 8-bit microprocessor 
in a compute- 
bound application. In fact, it can be used in any digital system 
where there is a need to multiply and divide on a bus. An 
'S508 can likewise 
enhance 
the capabilities 
of any 8-bit 
microprocessor. 


The'S516 comes in an industry-standard 600-mil 24-pin 
dual-inline package, modified to include an integral alumi- 
num heatsink which does not add appreciably to the package 
height. It requires only +5V and ground power connections, 
and draws a worst-case 
power-supply 
current of 450mA 
(commercial) 
or 500mA (military), 
Power consumption 
is 
greatest at cold temperatures, and decreases substantially as 
operating 
temperature 
increases. The 16 databus inputs 
require 
at most 0.25mA input current; 
the other inputs 
require at most 1mA. The 16 databus outputs can sink up to 
8mA 
IQL. The 'S508 also fits the above description, except 
that its worst-case power-supply current is 380mA (commer- 
cial) or 400mA (military), and it has only 8 databus inputs 
and outputs. 


Indescribingapplicationsof theseparts,it isdifficult to know 
whereto start - 
they can be usedin almostany designwherea 
microprocessor can be used,and you know how many places 
that is today. So, perhaps a good starting point is to seewhat 
usescustomershavethought upall bythemselves.Onecustomer 
evenusedtwo 'S5165in "pingpong"modeon a single 16-bitbus! 
So,ratherthan merelyspeculating asto what thesepartsmight 
be good for, here's a list of what Monolithic Memories'scus- 
tomers havealreadyproven they are good for: 
• Real-timecontrol of heavymachinery9 
• Low-cost, high-performancedigital modems 
• CRT graphics, including video games 
• Military avionics 
• Cartographic analysis 
As it happens, the above are 'S516 applications, except 
that digital modem designs have been done with both the 
'SS16and the 'S5OO.Severalof the 'S516designsarealready in 
production. In each of these applications, the microprocessor 
could have coped all right with the computational complexi- 
ty, albeit at its own less-than-tremendous speed, but a 'S516 
used together with the microprocessor 
can provide extra 
muscle for h'andlingformidable problems. 


Competition? Well, since there are no second sources for 


the 'S516, and no competitor at present has a similar fast part 
capable of performing division as well as multiplication, right 
now the 'S516 has no direct competition. Indirectly. there are 
some competing parts which perform only multiplication. and 
would have to perform division by Newton-Raphson iteration 
to be usable for any application where division is required. 
However, the 'S516 is (as far as we know) by far the lowest- 


priced bipolar 16-bit multiplier, and the other microprocessor 
peripheral chips which can perform division as well as multi- 
plication are relatively-slow MaS devices. In one case. an 
8-bit cascadable CMOS part requires a 50% reduction in 
clock rate to do 16-bit arithmetic. And considerable numer- 
ical-analysis and programming sophistication are required to 
implement Newton-Raphson division with fixed-point 
oper- 
ands. (It's easier with floating-point operands.) In contrast, 
the 'S516/508 can be easily interfaced to almost any micro- 
processor using one or two PALs,' and can perform either 
multiplication or division on command' 


The 'S516 is so much faster than the competing 
MaS 
chips that it can even take them on for floating-point 
compu- 
tations (Whichsome of them are designed to do) and win. 
A 
conference paper'o describes the design of an 'S516-based 
S-100-bus card capable of beating an Intel 8087 2:1 on 
floating-point arithmetic. 
Some competing 
parts, in particular the AMI 2811 and 
Nippon Electric I'PD7720, include an on-board ROM which 
must be mask-programmed at the factory, which makes life 
difficult for small companies (or even larger ones) which are 
trying to get a microprocessor-based 
product to market 
quickly. Also, some competing parts require sequencing by 
external TTL jellybeans. 


And, as for using AMD/TRW 64-pin 16x16Cray multiplier 


chips as microprocessor peripherals, these cost much more 
than the 'S516, occupy about three times the circuit-board 
space, multiply faster, don't divide at all except by Newton- 
Raphson iteration, and also require one or two "overhead" 
microprocessor instructions to interface for a given arithme- 
tic operation. From a system viewpoint, when this overhead 
time is reckoned with. these chips provide little actual gain in 
multiply performance over the 'S516 at lots of extra cost, and 
an actual loss in divide performance: the 'S516 is much more 
cost-effective 
overall. 


'S516s potentially fit into many, many places in commer- 


cial, industrial, 
and military electronics, 
particularly 
into 
small-scale real-time systems. The part is fast enough to 
enhance the performance of a 16-bit Motorola 68000, Zilog 
Z8000, or Intel 8086, as well as that of any 8-bit micropro- 
cessor. It is also fast enough to considerably improve the mul- 
tiplication and division performance of 16-bit 2901-based 
"bit-slice" bipolar microcomputers, which are often used as 
processors in desktop graphics CRT terminals. 


It is worth bringing 
the 'S516 to the attention 
of any 


designer who is developing: 


A personal computer or small business computer. 


" A word processor, or a more grandiose "office automation 
system:' 


" A cruise missile, or any other "smart weapon:' 


" A digital modem. 


" A small-scale speech-processing system. (These are very 


multiplication-intensive. 
We have one magazine article on 
the '8016 in such an application") 


" A smart instrument, which does data conversion. 


• An industrial control system, particularly one which must 
do many coordinate transformations. 


• An all-digital studiO-Quality high-fidelity system. 


A cost-reduced computerized medical scanning system. 


• A multiprocessor systemfor scientific computations12) 


If an 'S516/508 is introduced into a system configured 
around an older microprocessor 
as a "co-processor" 
or 
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helpmate 
for 
the 
microprocessor, 
and 
the 
application 
is 
arithmetic-intensive, 
the end effect 
can be a major 
upgrad- 


ing of performance 
at the system 
level' 
7 Consequently, 
a 


major 
reason 
for designing 
these 
parts in is microprocessor 


life-cycle 
enhancement. 
In particular, 
many 
MOS 
micropro- 


cessors 
have single-length 
and double-length 
add and sub- 


tract 
instructions: 
but either 
they 
have no multiply 
or divide 


instructions 
at all, or else 
they 
perform 
their 
multiply 
and 


divide 
instructions 
so slowly 
as to jeopardize 
the ability 
(j~ the 


entire 
system 
to handle 
its computing 
load in real time. 
So picture, 
if you will, the entrepreneur 
or chief 
engineer 


of a firm 
making 
a successful 
microprocessor-based 
widget 


which 
has been 
on the market 
for a few months, 
which 
uses 
an older 8-bit 
microprocessor 
such as a 6800 or 8085 or Z80. 
Just when 
his/her 
sales are really 
taking 
off, here comes 
a 
new 
start-up 
competitor 
with 
a similar 
system, 
using 
a 


Motorola 
68000, 
with added 
features 
and faster performance 


made 
possible 
by the 
68000's 
16-bit 
word 
length 
and 


multiply/divide 
capabilities. 
The 'S516 
can, in this instance, 
serve 
as a "great 
equalizer" 
- 
it can 
be retrofitted 
into 
the 


older 
system 
as previously 
described, 
and 
provides 
even 


higher-speed 
multiplication 
and division 
than 
the 
68000. 
(Enough 
so, actually, that there 
are designers 
using the 'S516 


with the 68000.) 
Thus, the 'S516 can dramatically 
extend 
the 
life 
cycle 
of existing 
microcomputer 
systems 
based 
on 


microprocessors 
which 
either 
don't 
have 
multiplication 
and 


division 
instructions, 
or perform 
these 
operations 
relatively 


slowly. 


" 
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'S508s 
are somewhat 
easier to control 
from a logic-design 
viewpoint 
than 'S516s, 
purely 
because 
they 
have more con- 


trol 
inputs 
and outputs. 
However, 
the 
shorter 
'S508 
word 


length 
makes the part naturally 
fit into smaller-scale 
systems 


than those 
which 
might 
use an 'S516. 
Essentially, 
the 'S508 


is optimized 
for small-scale 
systems. 


Now that you know what these 
parts are, can't you think 
of 


at least 
half a dozen 
prime 
uses for them 
right 
in your 
own 


back yard? 
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Features/Benefits 
OrderingInformation 


• 
Co-processor 
for 
enhancing 
the 
arlthmettc 
speed 
of 
all 
present 
16-blt 
and 
8-blt 
microprocessors 


• 
Bus-oriented 
organization 


• 
24-pln 
package 


• 
16/16 
or 32/16 
division 
In less than 
3.5 ILSac 


• 
16x16 
multiplication 
In less than 
1.5 ILsac 


• 
28 
different 
multiplication 
Instructions 
such 
as "fractional 


multiply 
and 
accumulate" 


• 
13 different 
divide 
Instructtons 


Description 


The 
SN74S516 
('S516) 
is a bus-organized 
16x16 
Multiplier/ 


Divider. 
The device 
provides 
both multiplication 
and division 
of 


2s-eomplement 
16-bit 
numbers 
at 
high 
speed. 
There 
are 28 


different 
multiply 
options, 
including: 
positive 
and 
negative 


multiply, 
positive 
and negative 
accumulation, 
multiplication 
by a 


constant, 
and both single-length 
and double-length 
addition 
in 


conjunction 
with mUltiplication. 
13 different 
divide options 
allow 


single-length 
or dOUble-length 
division, 
division 
of a previously- 


generated 
result, division 
by a constant, 
and continued 
division 


of a remainder 
or quotient. 


The 'S516 is a time-sequenced 
device 
requiring 
a single clock. 
lt 


loads 
operands 
from, 
and 
presents 
results 
to, a bidirectional 


16-bit 
bus. Loading 
of the operands, 
reading 
of the results, and 


sequential 
control 
of 
the 
device 
is 
performed 
by 
a 
3-bit 


instruction 
field. 


The 'S516 has the additional 
feature 
that operands 
and results 


can be either 
integers 
or fractions; 
when 
it deals with fractions, 


automatic 
scaling 
occurs. 
Results 
can be rounded 
if required, 
and an Overflow 
output 
indicates 
whenever 
a result 
is outside 


the 
normally-accepted 
number 
range. 


For a simple 
multiplication 
of two 
operands 
the device 
takes 


nine 
clock 
periods 
- 
one 
for 
initialization, 
and 
eight 
for the 


actual 
multiplication. 
A realistic 
clock 
period 
is 167 ns, which 


gives a multir-lication 
time of 1333 ns typical 
for 16x16 multipli- 


cation, 
plus 
167 ns additionally 
for initialization, 
or 1500 ns in 


all. 
More 
complex 
multiplications 
will 
take 
additional 
clock 


periods 
for 
loading 
the additional 
operands. 
A simple 
division 


operation 
requires 
16 + 4 = 20 clock 
periods 
for a typical 
time of 


3.333 ns (32 bits/16 
bits), also plus 
167 ns for initialization, 
or 


3500 ns in all. 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


SN74S516 
24T 
Commercial 


DATA BUS 


16 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
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Monollthlo 
1!T!I1 
MemorIes uunJJ 


INSTRUCTION 
OPERATION 
CLOCK 


SEQUENCE 
CYCLES 


ARITHMETIC 
OPERATIONS 


0 
Xl 
. Y 
9 


1 
-Xl' 
Y 
9 


2 
Xl 
. Y + Kz. Kw 
9 


3 
-Xl' 
Y + Kz,Kw 
9 


4 
Kz' KwlX1 
21 


5/6 
0 
X·Y 
10 


5/6 
1 
-X, 
Y 
10 


5/6 
2 
X· 
Y + Kz' Kw 
10 


5/6 
3 
-X . Y + Kz' Kw 
10 


5/6 
4 
Kw/X 
22 


5/6 
5 
Kz/X 
22 


5/6 
6 
0 
X . Y + Z 
11 


5/6 
6 
1 
-X, 
Y + Z 
11 


5/6 
6 
2 
x·y+ 
Kz .2-16 
11 


5/6 
6 
3 
-X, 
Y + Kz '2-16 
11 


5/6 
6 
4 
Z, W/X 
23 


5/6 
6 
5 
ZlX 
23 


5/6 
6 
6 
0 
X'Y+Z,W 
12 


5/6 
6 
6 
1 
-X, 
Y + Z. W 
12 


5/6 
6 
6 
2 
X'Y+Wsign 
12 


5/6 
6 
6 
3 
-X·y 
+ Wsign 
12 


5/6 
6 
6 
4 
W/X 
24 


5/6 
6 
6 
5 
Wsign/X 
24 


5/6 
6 
6 
6 
(see Note 9 below.) 
- 


5/6 
6 
6 
7 
Load X, Load Z, Load W, Clear Z 
4 


5/6 
6 
7 
Load X. Load Z, Read Z 
3 


READING 
OPERATIONS 


7 
Read Z 
1 


7 
7 
Read Z, W 
2 


7 
7 
7 
Read Z. W, Z 
3 


7 
7 
7 
7 
Read Z, W, Z, W 
4 


5 
7 
Round, then Read Z 
2 


5 
7 
7 
Round, then Read Z, W 
3 


NOTES: 
1. X,V are input multiplier 
and multiplicand. 


2. X1 is the previous 
contents 
of the first rank of the X register 
(eilherthe 
old X 
or a new 
X) 


3. Fractional or integer arithmetic 
is specified by having the next-to-the-Iast 
operand loaded using a 5 or 6 instruction 
respectively. All rows beginning 


with "5/6" in effect represent two instructions. 
5 does fractional 
arithmetic 
and 6 does integer arithmetic. 


4. Z. W is a double-precision 
number. Z is the most significant 
half.Z. W 


represents addend upon Input, and product 
(or accumulated 
sum) after 


multiplication. 


5. Kz. Kw represents 
previous 
accumulator contents. Kz is the most-signifi- 
cant half. 


6. Wsign is a single-length 
signed number. with sign extension. 


7. Maximum clock cycle = 167ns for an 6-MHz clock. 
8. If n instruction 
codes are shown at the left under "instruction 
sequences," 
the number of clock cycles at the right is n+8 for multiplication 
and n+20 


for division. 


9. The code "5/6 6 6 6" represents an incomplete operation since it leaves 
the 'S516 in state 1 rather than in state 0, 8, or 10. 


SUMMARY 
OF SIGNALS/PINS 


B15-BO 
Bidirectional 
data 
bus 
inputs/outputs 


12-10 
Instruction 
(sequential 
control) 
input 


CK 
Clock 
pulse 
input 


GO 
Chip 
activation 
input 


OVR 
Arithmetic 
overflow 
output 


The '5516 device uses standard 
low-power 
Schottky 
technology, 


requires 
a single +5V power supply, 
and is fUlly TTL compatible. 


Bus inputs 
require 
at most 250 /lA input current, 
and control 
and 


clock 
inputs 
require 
at most 1 mA input current. 
Bus outputs 
are 


three-state, 
and 
are capable 
of sinking 
8 mA at the 
low logic 


level. 
The 
'S516 
is available 
in both 
commercial-temperature 


and military-temperature 
ranges, 
in a 600-mil 
24-pin dual-in-line 


ceramic 
package. 


The 
'S516 
contains 
four 
16-bit 
working 
registers, 
Y 
is the 


multiplier 
register; 
X is the multiplicand 
and divisor 
register; 
W is 
the 
least-significant 
half of a double-length 
accumulator, 
and 


holds 
the 
least-significant 
half of the 
product 
after 
a multipli- 
cation 
operation, 
or the remainder 
after a division 
operation; 
and 


Z 
is the 
most-significant 
half 
of 
this 
same 
accumulator. 
In 
addition 
to these registers, 
there 
is a high-speed 
arithmetic 
unit 


which 
performs 
addition, 
subtraction, 
and shifting 
steps in order 


to 
accomplish 
the 
various 
arithmetic 
operations; 
a 
loading 


sequencer; 
and 
a PLA control 
network. 


Operands 
are loaded into the working 
registers 
in time sequence 
at each clock 
period, 
under 
the control 
of this sequencer. 
The 
chip-activation 
signal 
GO 
must 
be LOW 
in order 
to begin 
the 


loading 
process 
and 
continue 
to the 
next 
step 
in the loading 


operation. 
If GO is continually 
held HIGH, 
the 'S516 remains 
in 
a wait state with its outputs 
held in their high-impedance 
states, 


so that 
the other 
devices 
attached 
to the bus may drive 
it. In 


this 
condition, 
the 'S516 does 
not respond 
to any codes 
on its 
instruction 
inputs; 
in effect, 
it does not "wake 
up" until GO goes 


LOW. 
Also, 
GO may change 
only 
when 
the clock 
input 
CK is 


HIGH. 
After 
all of the operands 
are loaded, 
the '5516 jumps 
to 


the multiply 
routine. 
or to the divide 
routine, 
and performs 
the 


required 
operations 
as 
indicated 
in 
Figure 
1, After 
9 clock 


periods 
for 
a simple 
multiply 
or 21 clock 
periods 
for a simple 


divide, 
for 
example, 
the 
result 
is 
placed 
on 
the 
bus 
in 


time 
sequence. 


III 


* Loop 7 times for multiplication. 
**Loop 
14 times for fractional 
division, 
or 15 times for integer division. 


KEY: 


The 
numbers 
inside 
the circles 
indicate 
the state of the 'S516 
mUltiplier/divider. 
These 
states 
are 
represented 
by a four-bit 
state 
counter, 
where 
A is the 
least-significant 
bit of this 
state 
counter 
and 
D is the most-significant 
bit. (These 
four 
bits are 
not available 
externally 
on the 
'S516.) 


The next state of the 'S516 is a function 
of the present 
state and 
the instruction 
lines. For example 
if the 'S516 is at state 0 and the 
instruction 
is 0, 1, 2. or 3, then the next state is state 4 (multiply 
instruction); 
if the instruction 
is 4, the next state is state 5 (divide 


instruction); 
and so forth. 
The instructions 
which 
take the 'S516 


INSTRUCTION 
CODE 


0, 1,2,3 
4 
5 
5.7 
6 
7 


STARTING 
STATE 


0,8, 
10 
0.8, 
10 
o 
8, 10 
0.8, 
10 
0.8, 
10 


NEXT 
STATE 


4 
5 
1 
o 
1 
o 


from 
one state to another 
are indicated 
by the numbers 
written 
next 
to 
the 
state-transition 
path 
lines. 
"0123," 
for 
instance. 
implies 
that any of instructions 
O. 1. 2. or 3 will take the 'S516 
along 
the 
path 
marked 
"0123." 


"X" 
next 
to 
a 
path 
implies 
that 
the 
path 
will 
be 
followed 
regardless 
of the value of the instruction 
inputs 
at that time. 
In 
other words, 
for the purpose 
of state transitions, 
X means "don't 
care." There are cases, however. 
where the particular 
instruction 
used may affect when the contents 
of the registers 
are available 
on the bus - 
see Figures 
9 and 10 for contrasting 
examples 
of 
how 
this 
effect 
operates. 


Three 
instruction 
inputs 
'2, 
'1, 
'0. 
which 
may 
change 
only 
when 
the clock 
input 
CK is HIGH, 
select the required 
function 
and drive the sequencer 
from 
state to state. Thus, the action 
of 
the 
multiplier/divider 
at any 
clock 
period 
is a function 
of the 
machine 
state and the state of the control 
inputs. 
Figure 2 shows 
the mUltiply/divide 
state table, and all possible 
operations. 
After 


a Read or Round 
operation, 
the machine 
is driven 
back to state 
O. and a new sequence 
of arithmetic 
operations 
is assumed. 
If a 
chain 
operation 
is being 
performed. 
such 
as accumulation 
of 
products. 
state 
0 is bypassed. 
and 
loading 
of an operand 
or 
jumping 
to the next arithmetic 
operation 
occurs 
at the end of the 


previous 
arithmetic 
operation 
- 
at state 8 for a multiplication 
instruction. 
or at state 
10 for a division 
instruction. 


Register 
X is a dual-rank 
register. 
which 
allows the loading 
of an 
operand 
X during 
the mUltiplication 
or division 
process. 
If the 
machine 
enters the loading 
sequence 
and a new X operand 
has 
not been loaded. then the machine 
proceeds 
with the previously- 
loaded 
X. denoted 
in 
this 
text 
as "X1." 
This 
loading-while- 


processing 
capability 
allows 
a 
cycle 
to 
be 
saved 
during 


"chained" 
calculations. 
and also allows 
mUltiplication 
and divi- 
sion 
by a constant. 
(See Figure 
13). 
(continued 
next 
page) 


Figures 
3 and 
4 show 
the 
codes 
and 
durations 
for 
the 
41 
different 
possible 
arithmetic 
operations. 
These operations 
can 
be concatenated 
in strings 
to 
perform 
complicated 
2s-com- 


plement 
arithmetic 
operations 
at high-speed. 
Rounding 
and 
reading 
of results can be performed 
atter any operation. 


Figure 5 is a block diagram of the 'S51616x16 
Multiplier/Divider. 


(continued 
page atter next) 


OPERATION 
1 
213141516171819 
10 
1 11 
1 12 


INS CODE 
0 


X1 • Y 
MULTIPLY 
BUS 
Y 


INS CODE 
1 
-X1 
• Y 
MULTIPLY 
BUS 
Y 


INS CODE 
2 


X1'Y+KZ,KW 
MULTIPLY 
BUS 
Y 


INS CODE 
3 


-X1'Y+KZ,KW 
MULTIPLY 
BUS 
Y 


INS CODE 
5/6 
0 


X·Y 
MULTIPLY 
BUS 
X 
Y 


INS CODE 
5/6 
1 
-X, 
Y 
MULTIPLY 
BUS 
X 
Y 


INS CODE 
5/6 
2 
. 


x·y 
+ KZ' KW 
MULTIPLY 
BUS 
X 
Y 


INS CODE 
5/6 
3 
-X'Y+KZ,KW 
MULTIPLY 
BUS 
X 
Y 


INS CODE 
5/6 
6 
0 


X'Y+Z 
MULTIPLY 
BUS 
X 
Z 
Y 


INS 
CODE 
5/6 
6 
1 
-X, 
Y + Z 
MULTIPLY 
BUS 
X 
Z 
Y 


X· Y + KZ '2-16 
INS CODE 
5/6 
6 
2 


BUS 
MULTIPLY 
X 
- 
Y 


-X.Y+KZ·2-16 
INS 
CODE 
5/6 
6 
3 


BUS 
X 
Y 
MULTIPLY 
- 


INS 
CODE 
5/6 
6 
6 
0 
X • Y + Z, W 
BUS 
X 
Z 
W 
MULTIPLY 
Y 


INS CODE 
5/6 
6 
6 
1 
-X, 
Y + Z, W 
BUS 
X 
Z 
MULTIPLY 
W 
Y 


INS CODE 
5/6 
6 
6 
2 


X 'Y+Wsign 
BUS 
X 
MULTIPLY 
- 
W 
Y 


INS CODE 
5/6 
6 
6 
3 
-x·y 
+ Wsign 
BUS 
X 
W 
MULTIPLY 
- 
Y 


NOTES: 1) Xl 
is the previous cQntents 01 the first rank 01 the X register (either old X or a new X). 


2) KZ' 
2-16 is a single-length 
signed number comprising 
the most-significant 
half of the previous double-length 
prOd~ct and 


here gets added in at the least-significant 
end 01the new result. 


3) W sign 
is a single-length 
signed number, with sign-extension 
as needed. 


4) Fractional or integer arithmetic 
is specified 
by having the next-to-the-Iast 
operand loaded using a 5 or 6 instruction 
respectively. All rows beginning 
with "5/6" in effect represent two instructions. 5 does fractional arithmetic 
and 6 does 
integer arithmetic. 


OPERATION 
1 
2 
3 
4 
I 5 16 17 1 8 1 9 110111112 
113114115 116117118119120 
21 22123124 


INS CODE 
4 


KZ. 
KW/X1 
DIVIDE 
1 
BUS 
- 


INS CODE 
516 
4 


KWIX 
DIVIDE 
1 
BUS 
X 
- 


INS 
CODE 
516 
5 


KZ/X 
DIVIDE 
1 


BUS 
X 
- 


INS 
CODE 
516 
6 
4 


Z, W/X 
DIVIDE 
1 


BUS 
X 
Z 
W 


INS 
CODE 
5/6 
6 
5 


Z/X 
DIVIDE 
1 


BUS 
X 
Z 
- 


W/X 
INS 
CODE 
5/6 
6 
6 
4 
DIVIDE 
1 


BUS 
X 
- 
W 
- 


Wsign/X 


INS 
CODE 
5/6 
6 
6 
5 
1 
DIVIDE 
BUS 
X 
0 
W 
- 


NOTES: 
1) Xl 
is the previous contents 
of the first 
rank of the X register 
(either old X or a new X). 


2) Fractional division divides a 32-bit 2s--complement number in 1 clock period less than integer division. 


3) Wsign is a single-length 
signed number, with sign-extension 
as needed. 


4) Division operation 
Wsign/X 
requires that the Z register be initialized 
with all-zero 
contents 
at the time Z is loaded. 


5) Fractional 
or integer 
arithmetic 
is specified 
by having the next-to-the-last 
operand 
loaded using a 5 or 6 instruction 
respectively. 
All rows 
beginning 
with "5/6" in effect 
represent two instructions, 
one of which does fractional 
arithmetic 
and one of which does integer arithmetic. 


TO 
SHIFT 
MUX 


BIDIRECTIONAL 
DATA 
BUS 


The '8516 has no direct master reset input. However, 
initialization 


of the '8516 can easily 
be performed 
by continually 
presenting 


instruction 
code 
7, which 
after a maximum 
of 21 clock 
periods 


forces 
the machine 
back to state O. 


Multiplication 


The '8516 provides 
2s-eomplement 
16-bit multiplication, 
and can 


also accumulate 
previously-generated 
double-length 
products. 
No 
time 
penalty 
is 
incurred 
for 
accumulation, 
since 
the 


machine 
accumulates 
while 
the 
multiplication 
operation 
is 
proceeding. 
In addition 
to 
accumulation, 
the device 
can 
add 
into a product 
either a single-length 
or a double-iength 
number. 
It can also 
use a previously-loaded 
operand 
as a constant. 
so 
that 
constant 
multiplication 
and 
accumulation 
is possible. 


One 
key 
feature 
is the ability 
to perform 
both 
positive 
multi- 
plications 
and negative 
multiplications, 
again without 
any speed 


penalty. 
This feature 
allows 
complex-arithmetic 
multiplications 
to be programmed 
with very little overhead. 
Another 
important 


feature 
is the ability 
to work 
with 
either 
fractions 
or integers. 


The 
'8516 
also 
provides 
a 
range 
of 
division 
operations. 
A 


double-length 
number 
in Z,W 
is divided 
by X; the 
result 
Q is 
stored 
in Z, and the remainder 
R in W. Again 
all numbers 
are in 
the 
2s-complement 
number 
representation, 
with 
the 
most 
significant 
bit of an operand 
(whether 
single-length 
or double- 


length) 
having 
a negative 
weight. 
In order 
to facilitate 
repeated 


division, 
with 
the 
multiple-length 
quotient 
always 
keeping 
the 
same sign, the remainder 
is always the same sign as the dividend. 
Fractional 
or 
integer 
operation 
is possible, 
and 
division 
and 
multiplication 
operations 
can 
be concatenated. 
For example, 
the operations 
(AxB)/C, 
(A + B)/C can easily 
be performed. 
The 
dividend 
can 
be any 
previously-generated 
result 
- 
product, 


quotient, 
or remainder; 
or it may be a double-length 
or single- 


length 
signed 
operand. 


Reading R.sults 


The result of an arithmetic 
operation, 
or of a string of operations, 
can be read onto the 16-bit bus if the machine 
isattheend 
of an 


operation 
or at the start of a new sequence. 
The read operation 


requires 
that the GO signal 
be held LOW so that the information 


is read out onto the bidirectional 
bus, when 
code 7 is specified. 
(See Figure 6.) 8ince 
there is a double-length 
accumulator 
Z,W. 
reading 
can 
take 
two 
cycles. 
First, 
register 
Z is read. 
After 
another 
clock 
has been 
received, 
if code 
7 is still present, 
the 


least-significant 
half of the product 
from the W register 
is placed 
on the bus, or likewise 
the remainder 
if a division 
operation 
had 


been performed. 


If the '8516 is instructed 
to perform 
a read operation 
during 
the 


loading 
sequence, 
then the sequence 
is broken 
and the machine 


is forced 
back 
to state 
0 ready 
to start 
the 
sequence 
again. 
Control 
read operations 
at state 
0 just 
swap 
the 
contents 
of 
register 
Z and W. 


Integer 
and Fractional 
Arithmetic 


The 
'8516 
can work 
with 
either 
fractional 
or integer 
number 


representations. 
When 
working 
with 
integers, 
all numbers 
are 


scaled from the least-significant 
end, and the least-significant 
bit 


is assumed 
to 
have a weight 
of 20 
For integer 
multiplication, 


accumulation, 
and 
division, 
all 
numbers 
are scaled 
from 
this 


least-significant 
weight, 
and results 
are correct 
if interpreted 
in 
this manner. 
The dOUble-length 
register 
Z,W can therefore 
hold 


numbers 
in the range _231 to +~1 
-1; the 
operands 
X and Y, 


and single-length 
results, 
are in the range _215 to +215 
-1. 


When 
working 
with 
fractions, 
the 
machine 
automatically 
per- 
forms 
scaling 
so that 
input 
operands 
and results 
have a con- 
sistent 
format. 
All numbers 
in the fractional 
representation 
are 
scaled from the most significant 
end, which 
has a weight 
of-~ 
(negative). 
The binary point is one place to the right of this most- 
significant 
bit, 
so that 
the 
next 
bit has a weight 
of 2-1. 
The 


double-length 
register Z,W therefore 
holds numbers 
in the range 


-1 to +1_2-31 
and 
the 
operands 
X and 
Y and 
single-length 


results are in the range -1 to +1_215. 
Since 
automatic 
scaling 
occurs, 
the 
product 
of 
two 
numbers 
always 
has 
the 
least- 
significant 
bit as a 0, unless an accumulation 
is performed 
with 


the least-significant 
bit being 
a 1. 


During 
a chain 
operation 
with the partial 
results not being 
read 


onto the bus, the '8516 will stay in either the fractional 
or integer 


mode. 
At the 
start 
of a sequence 
of operations, 
fractional 
or 


integer 
operation 
is designated 
by 
loading 
operands 
using 


instruction 
code 
5 or instruction 
code 
6 respectively. 


Mixed 
fractional 
and 
integer 
arithmetic 
is also 
possible, 
by 
redefining 
the weight 
of the least-significant 
or most-significant 
bits. 
However, 
care 
must 
be exercised, 
due 
to the automatic 
scaling 
feature, 
when 
fractional 
arithmetic 
is programmed. 


Rounding 
can be performed 
on the result of a multiplication 
or 
division. 
Generally 
rounding 
would 
only 
be called 
out 
during 
fractional 
operation, 
but nothing 
in the 'S516 precludes 
forming 
a rounded 
result 
during 
integer 
arithmetic. 


Rounding 
for 
multiplication 
provides 
the 
best 
single-length 
most-significant 
half of the product. 
Rounding 
occurs 
at the end 
of a mUltiplication, 
and is performed 
instead 
of a Load or Read 


operation 
when 
a code 
5 is specified, 
instead 
of a code 
7, to 
get from 
state 8 or state 10 back to state O. (See Figure 2; also, 


note 
that 
this 
mode 
of operation 
precludes 
"stealing" 
a cycle 
according 
to the method 
illustrated 
in Figure 9.) The'S516 
looks 


at the 
most-Significant 
bit 
of the 
least-significant 
half 
of 
the 


product 
W15' 
and 
adds 
1 to 
the 
most-significant 
half of the 


product 
at the least-significant 
end if W 15 is a 1. After the oper- 


ation, 
the 'S516 is in state 0, so that the rounded 
product 
can 


be read, and 
the W register 
is cleared. 


Rounding 
for 
division 
is 
performed 
by 
forcing 
the 
least- 
significant 
bit of the quotient 
in Z to a 1 unless 
the division 
is 
exact 
(remainder 
is zero). 
This 
method 
of rounding 
causes 
a 
slightly 
higher 
variance 
in the result 
than 
having 
an additional 
iterative 
division 
operation, 
but 
is 
considerably 
easier 
to 


perform. 
Again, 
after 
rounding 
the 
'8516 
goes 
to state 
0, so 
that 
a read 
operation 
can 
be performed, 
and 
the 
W register 
is cleared. 


The '8516 has an overflow 
output 
OVR which 
is cleared 
prior to 


each operation, 
and is set during 
an operation 
if the product 
or 


quotient 
goes 
outside 
the 
normally-accepted 
range. 


l1li 


For multiplication, 
overflow 
can only 
occur 
if the most negative 


number 
in 
the 
operand 
range 
is used: 
(-1)x(-1)=+1, 
which 


cannot 
be held 
in the 'S516's 
internal 
registers. 
Overflow 
can 


more 
easily 
occur 
during 
either 
positive 
or negative 
accumula- 


tion 
of 
products. 
For 
fractional 
arithmetic, 
if the rroduct 
or 


accumulation 
goes outside 
the range of -1 to +1-r3 , then 
the 


overflow 
flipflop 
will 
be set. 


The overflow 
flip-flop 
is enabled 
in state 8 forthe 
multiply 
opera- 
tion or in state 10for 
adivide 
operation. 
It only gets reset when a 


transition 
to state 0 from states 0, 3, 8,10 and 11, when instruction 


7 is being 
presented 
to the 'S516. 


Overflow 
may 
also 
occur 
during 
division 
if the quotient 
goes 


outside 
the generally-accepted 
number 
range of -1 to +1-2-15 


during 
fractional 
operation. 
This 
would 
occur 
if the divisor 
is 


less than 
the 
dividend, 
or equal 
to the 
dividend 
if a positive 


quotient 
is being generated. 
For integer 
arithmetic 
the numbers 


must 
be scaled 
by 215. 


Figure 6. 'S516 Internal Circuitry 
of "GO" Line and Three- 


State-Enable 


During 
the states 0,1,3,8, 
10 and 11 if the "GO" 
line (GO) is held 
at logic 
HIGH 
then the machine 
will be in a wait state until GO 
goes to logic 
LOW. 


8·BIT 
OR 
16-BIT 
MICROPROCESSOR 
(NEEDS 
ONE OR 
MORE 
INTERFACE 
CIRCUITS 
FOR 
6-BIT 
MICRO· 
PROCESSOR) 


SN74SS16 
18-BIT 
MUL TIPLIER/DIVIDER 


Figure 
7 shows 
the block 
diagram 
of a microprocessor 
system 


with 
its arithmetic 
capabilities 
enhanced 
by the use of a 'S516 


16x16 multiplier/divider. 
The relatively 
small 
number 
of instruc- 


tion 
lines 
(only 
3) 
of 
the 
'S516 
provides 
a 
unique 
way 


to control 
the multiplier/divider. 
As may be seen from 
Figure 7, 
these 
three 
instruction 
lines 
are assigned 
to the 
three 
least- 


significant 
bits (LSBs) 
of the address 
bus, while 
the remaining 


address bits are decoded 
by a Programmable 
Array Logic (PAL~) 


circuit 
to determine 
when 
the multiplier/divider 
is selected. 
For 


example, 
suppose 
the 'S516 is assigned 
address 
100; then any 


address 
in the range 
of 100-107 
will 
enable 
the 'S516 (i.e., the 


GO 
line 
is 
LOW). 
Thus, 
if 
the 
address 
is 
100 
the 
'S516 
instruction 
is 0; if the 
address 
is 106 the 'S516 
instruction 
is 
6; and 
so forth. 


SN74S516 


Data Formats 
Fractional 
Multiply 


Xj, y1 - Input, Multiplicand, 
Multipler 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
01 


Sign 
2""1 
2""2 
2""3 
2-4 
2""5 
2-6 
2""7 
2-8 
2-9 
2-10 
2""11 
2-12 
2""13 
2""14 
2""15 


Zt - MS Hall OUtput Product 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
01 


Sign 
2""1 
2-2 
2""3 
2-4 
2""5 
2-6 
2-7 
2""8 
2-9 
2""10 
2-11 
2-12 
2""13 
2""14 
2""15 


WI - LS Half Output 
Product· 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
01 


2""16 
2""17 
2-18 
2""19 
2""20 
2""21 
2""22 
2""23 
2-24 
2-25 
2""26 
2""27 
2""28 
2-29 
2""30 
"0" 


• The 
least 
significant 
bit of Wi 
is always 
a binary 
0 due 
to normalization. 
Note 
that 
-1 x -1 yields 
an overflow 
in fractional 
multiply. 


Integer Multiply 


Xj, y 1 - Input, Multiplicand, 
Multiplier 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
01 


Sign 
214 
213 
212 
211 
210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


Zt - MS Half Output Product 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
01 


Sign 
230 
229 
228 
227 
226 
225 
224 
223 
222 
221 
220 
219 
218 
217 
216 


WI • LS Hall Output 
Product·· 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
01 


215 
214 
213 
212 
211 
210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


•• The 
least 
significant 
bit of Wi is a valid 
data 
bit. 
Note 
that 
2-15 
x 2-15 
yields 
+230 
which 
can 
be represented 
in the 
output 
bits 
without 
overflowing. 


Fractional 
Divide 


Zt - Input Dividend 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
01 


Sign 
2""1 
2""2 
2""3 
2""4 
2""5 
2""6 
2""7 
2""8 
2-9 
2""10 
2-11 
2""12 
2""13 
2""14 
2""15 


13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 I 


Z-2 
Z-3 
2-4 
Z-5 
Z-6 
2-7 
2-8 
2-9 
Z-10 
Z-11 
Z-12 
Z-13 
Z-14 
Z-15 


115 
14 


Sign 
Z-1 


5 
4 


Z-10 
Z-11 


3 
2 
0 I 


Z-12 
Z-13 
Z-14 
Z-15 


W - Output 
Partial Remainder t 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
o I 


Sign 
Z-1 
Z-2 
Z-3 
Z-4 
Z-5 
2-6 
2-7 
2-8 
2-9 
2-10 
Z-11 
2-12 
Z-13 
Z-14 
Z-15 


t Note that the partial remainder A = 2-15 (W) 


Integer Divide Example (Z, W)/X 


Zt - MSB Input Dividend 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
01 


Sign 
230 
229 
228 
227 
226 
225 
224 
223 
222 
221 
220 
219 
218 
217 
216 


Wi - LSB Input Dividend 


115 
14 
13 
12 
11 
10 
9 


215 
214 
213 
212 
211 
210 
29 


x - Input Divisor 


115 
14 
13 
12 
11 
10 
9 


Sign 
214 
213 
212 
211 
210 
29 


Zt - Output 
Quotient 


115 
14 
13 
12 
11 
10 
9 


Sign 
214 
213 
212 
211 
210 
29 


WI - Output 
Partial Remainder 


115 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
01 


Sign 
214 
213 
212 
211 
210 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
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Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
.......................................•..•.................•.........•...................... 
7.0 V 
Input voltage 
............•............•.....•..........•..•..............•..•..•.........•......•..•............ 
7.0 V 
Off-state 
output 
voltage 
... 
. . . . . . . . . . • . . • . . . . . . . . . . . . . . • . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage 
temperature 
..................•..•..•........•.............................•................... 
-65° to +150°C 
Operating 
Conditions 


SYMBOL 
PARAMETERS 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
45** 
°c 


fMAX 
Clock 
frequency 
8 
6 
MHz 


tcwp 
Positive 
clock 
pulse 
width 
8 
70 
ns 


tCWN 
Negative 
clock 
pulse 
width 
8 
50 
ns 


tBS 
Bus setup 
time 
for inputting 
data * 
8 
50 
ns 


tBH 
Bus hold 
time 
for inputting 
data * 
8 
35 
ns 


tlNSS 
Instruction. 
GO setup 
time 
8 
10 
ns 


tlNSH 
Instruction. 
GO hold 
time 
8 
30 
ns 


* During operations when the bus is being used to input data. 


** 
This device has a limited operating temperature 
range. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Vil 
low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
Vee 
= MIN 
I, 
= -18mA 
-1.5 
V 


I B15-BO 
" 
-250 
I-'A 
III 
low-level 
input 
current 
Vee 
= MAX 
VI 
= 
0.5V 
I All other 
inputs 
-1 
mA 


IIH 
High-level 
input 
current 
Vec 
= 
MAX 
VI 
= 
2.4V 
250 
I-'A 


II 
Maximum 
input 
current 
Vec 
- 
MAX 
VI 
= 
5.5V 
1 
mA 


VOL 
low-level 
output 
voltage 
Vee 
- 
MIN 
10l 
= 
8mA 
0.3 
0.5 
V 


VOH 
High-level 
output 
voltage 
Vec 
= 
MIN 
10H 
= 
-2mA 
2.4 
V 


10S 
Output 
short-circuit 
current * 
Vee 
- 
MAX 
Vo 
= 
OV 
-10 
-90 
mA 
Ice 
Supply 
current 
Vce 
= MAX 
370 
450t 
mA 


* 
Not more than one output should be shorted at a time, and the duration of the short-circuit 
should not exceed one secor)d. 
t 
At cold temperatures 
see the "Ice vs Temperature" 
curves on the next page for more complete information. The typical values shown here are at 5.0 V. 


SYMBOL 
PARAMETER 
FIGURE 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


tBO 
Bus output 
delay from 
CK for outputting 
data; * 
8 
70 
95 
ns 
Cl 
= 30 pF 


FROM 
12-10 to bus 
30 
65 
tpxz 
Output 
disable 
delay 
ns 


From GO to bus 
20 
40 


Output 
enable 
delay; 
FROM 
12-10 to bus 
55 
80 
tpzx 
ns 
CL = 30 pF 
From GO to bus 
25 
45 


tOVR 
Overflow 
output 
delay from 
CK; Cl 
= 30 pF 
8 
60 
95 
ns 


TEST 
V· 
OUTPUT 
WAVEFORM - 
MEAS. LEVEL 
X 


VOH 


*1.5V 
AIlIPD 
5.0V 


VOL 


IPHZ 
tPLZ 
VOH 
i 


~2.8V 
IpXZ 
O.5V 


0.5V 
O.OV 
5.0V 
VOL 
O.OV 


tPZH 
tPZL 
2.8V 
~VOH 
IpZX 


O.OV 
5.0V 


1.5V 


O.OV 
VOL 


AC Test Conditions 


Inputs 0 VLOW. 3 VHIGH. Rise and fall time 1-3 ns from 1 V to 
2 V. Measurements are made from 1.5VIN to 1.5VOUT. except 
that tpxz 
is measured by a delta in the outputs of 0.5 V from 
VOL or VOH respectively. 
Timing 
Timing waveforms are shown in Figure 8. Specific instruction 
timing examples are shown in Figures 9 through 13. 


RL 
TEST 
5800 


POINT·@~l 
T~ 
cL I._ 
11200 t IN91S OR 1N3084 
"::" 
v.<_ 
table obo•• ) 
* The "TEST POINT' is driven by the output 
under test. 


and observed 
by instrumentation. 


NOTE: 
GO and 12-10 can change 
only 
when 
CK is high. 


Figure 8. Timing Diagram of the '5516 


NOTES: Register Z is read at the same time that the overflow signal (if present) is set. If the instruction 
remains at code 7 after time-slot 
11, the contents of registers 
Z and Ware 
swapped 
each cycle. 


t"Any 
code" means any of code 0 through code 7. However, code 6 will load a new value of X. and code 7 will cause the 'S516 to attempt to drive the data bus. 


-Not available externally 
on the '8516. 


Figure 9. Instruction Timing Example No.1: Load X, Load Y, Multiply, Read Z, Read W. By Presenting Code 7 on the Instruction 


Lines During the Last Multiply Cycle (State 8), the Results May Be Read During Time-Slots 10 and 11 


NOTES: The instruction 
lines may be changed 
only 
when CK is high. 


t"Any 
code" means any of code 0 through 
code 7. Code 6 may be used here since a new X explicitly 
gets loaded for the next multiply operation. 
However, 
code 7 will cause the '8516 to attempt to drive the data bus. 


-Not available externally 
on the '8516. 


NOTES: 
Code 7 is given in time-slot 
9, but has no effect until time-slot 
10 since GO is HIGH. After GO goes LOW in time-slot 
10, Z may be read. 


t"Any 
code" means any of code 0 through 
code 7. 


*Not available externally 
on the '8516. 


Figure 11. Instruction Timing Example No.3: Load X, Load Y, Multiply, Read Z, Read W. This Timing Diagram 


Corresponds to Table 1.Only After Eight Clock Pulses of the Operation Cycle, the Result Is Read- 
Z 
During Time-Slot 10 and W During Time-Slot 11 


_ L.J"L "L!.Ju"L L LILu"L L L ~1_JLIU"LL 
" 
I 
1\ 
- 
" 


Xo 
Xl 
)(. 
X12 
X8 
" 
Xo 


" 
N 
X6 
Xo 
X 
ANY 
CODEt 
~~ 
)(7 


IN 
IN 
XX 
X 
Y 
.- 
Z 
X 
W 


1 
2 
3 
• 
5 
6 
7 
8 
9 
10 
11 
r- -- J~- 
-- -- 
"j 
i 
" 


NOTE8; t"Any 
code" means any of code 0 through code 7. Code 6 or code 7 may be used here; since GO is HIGH, no new X can be loaded, and 1he'8516 cannot 
attempt 
to drive the data bus. 


°Not available externally 
on the 'S516. 


NOTES: This sequence of operations is suitable for use when reading is to be done only at the very end of the operation sequence. The new X value is loaded during 
the time that the previous 
multiplication 
is being performed. 
See Programming 
Example #3 for 
N 
LXi·V; 
i = 1 


t"Any 
code" 
means any of code 0 through 
code 7. However, code 7 will cause the '8516 to attempt 
to drive the data bus. 


~Not available 
externally 
on the '8516. 
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Programming Examples 


In the following 
examples assume that each line with a separate 


instruction 
corresponds 
to one clock 
pulse. Instruction 
codes 


are 0, 1, 2, 3, 4, 5, 6, 7 and x according 
to the usage explained 


in the key to Figure 2. 


Programming 
Example 
1 


Calculating 
X - Y (A-B) 


INST 6 
X - 
A 


INST 0 
Y - 
B 


INST X 
MULT 


INST X 
MULT 


INST X 
MULT 


INST X 
MULT 


INST X 
MULT 


INST X 
MULT 


INST X 
MULT 


INST 7 
MULT 
AND 
READ Z = 16 MSB OF (A-B) 


INST 7 
READ W = 16 LSB OF (A-B) 


Programming 
Example 
2 


Calculating 
X1 - Y (A'C) 
X1 is a previous 
multiplier 
value. It was previously 
loaded 
(in example 
1) with 
A. 


Y-C 
MULT 
MULT 
MULT 
MULT 
MULT 
MULT 
MULT 
MULT 
and READ Z = 16 MSB OF (A'C) 


READ W = 16 LSB OF (A-C) 


INST 0 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST 7 
INST 7 


Programming 
Example 3 
N 
Calculating 
~ 
Xi -Yi 
(A·B + CoD + E·F + ... 
) 


i = 1 


In this case we read only after N multiplications. 
A new Xi + 1 


is loaded during 
the multiplication 
process for XiYi. 


Assume 
N = 3. 


The sequence 
of instructions 
and operations 
for calculating 
3 


~ 
Xi . Yi is: 
(A'B 
+ C'D 
+ E-F) 


i = 1 


INST 6 
X-A 
INST 0 
Y-B 
INST X 


MULT} 
INST X 
MULT 
INST X 
MULT 
N = 1 
INST X 
MUL T 
Perform 
A·B 
INST X 
MULT 
INST X 
MULT 
INST X 
MULT 
INST 6 
MULT 
and LOAD 
X - 
C 


Z - 
16 MSB of (A-B) 


W- 
16 LSB of 
(A-B) 


INST 2 
Y-D 
INST X 
MULT } 
INST X 
MULT 
N = 2 
INST X 
MULT 
INST X 
MUL T 
Perform C'D + (Kz' Kw) 


INST X 
MULT 
INST X 
MULT 
INST X 
MULT 
INST 6 
MULT 
and LOAD 
X - 
E 
Z - 
16 MSB of (C-D + A-B) 


W - 
16 LSB of (C'D 
+ A-B) 


INST 2 
Y-F 
INST X 
MULT } 
INST X 
MULT 


N = 3 
INST X 
MULT 
INST X 
MUL T 
Perform 
E·F + (Kz' Kw) 


INST X 
MULT 
INST X 
MULT 
INST X 
MULT 
READ Z 
INST 7 
MULT 
and 


READ Z = 16 MSB of (E-F + CoD + A-B) 


READ W 
INST 7 
READ W= 
16 LSB of (E-F + C'D 
+ A'B) 


Programming 
Example 
4 
Multiplication 
plus a constant 
(A'S 
+ Constant) 


Assume that the constant 
is a 32-bit 2s-eomplement 


number. 


INST 6 
INST 6 
INST 6 
INST 0 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST 7 
INST 7 


X-A 
Z - 
C LOAD 
16 MSS of constant 


W - 
D LOAD 
16 LSS of constant 


Y-S 


MULT} 
MULT 
MULT 
MUL T 
Perform 
A·S + (Z, W) 
MULT 
MULT 
MULT 
MULT 
and READ Z = 16 MSS of (A'S + (C. D)) 


READ W = 16 LSS of (A'S + (C. D)) 


Programming 
Example 5 


Dividing 
a 32-bit 
number 
by a 16-bit 
number 
((S. CllAl 


INST 6 
INST 6 
INST 4 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 


INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST 7 


X -A 
Z -S 
W-C 


Perform 
Division (Z. W) 
-X- 


(S. C) 


DIVIDE 
and READ the quotient 
Z 
= -A- 


(S. C) 
READ the remainder 
W of -A- 
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16x16 Flow-Yhru™ Multiplier Slice 
745556 


• 
Twos-complement, 
unsigned, 
or mixed 
operands 


• 
Full 32-blt 
product 
Immediately 
available 
on each cycle 


• 
High-speed 
16x16 parallel 
multiplier 


• 
Latched 
or transparent 
inputs/outputs 


• 
Three-state 
output 
controls, 
Independent 
for each half of 


the product 


• 
Single 
+5 V supply 
(via multiple 
pins) 


• 
Available 
in 84-termlnal 
Leadless-Chlp 
Carrier 
and 


88-Pln-Grld-Array 
packages 


Description 


The '5556 is a high-speed 
16x16 combinatorial 
mUltiplier 
which 


can multiply 
two 
16-bit 
unsigned 
or signed 
twos-complement 


numbers 
on every 
cycle. 
Each operand 
X and Y has an asso- 


ciated 
mode-control 
line, 
XM 
and 
YM 
respectively. 
When 
a 


mode-control 
line is at a LOW logic level, the operand 
is treated 


as an unsigned 
16-bit 
number; 
when the mode-control 
line is at 


a HIGH 
logic 
level, the operand 
is treated 
as a 16-bit 
signed 


twos-complement 
number. 
Additional 
inputs 
R5 and RU allow 


the addition 
of a bit into the multiplier 
array at the appropriate 
bit 


positions 
for rounding. 
The entire 32-bit 
double-length 
product 


is available 
at the outputs 
at one time. 


16.BIT 
{ 
YO 


Y INPUT 
Y15 
YM 


PART NUMBER 


745556 


pa8 is an 88-Pin-Grid-Array 
Package. 


L84 is an 84-terminal 
Leadless-Chip 
Carrier 
Package. 


* The 84-terminalleadless 
chip carrier, L84, and its socket, L84-2, are in 
development 
contact 
the factory for further details. 


The most-significant 
product 
bit, 531, 
is available 
in both 
true 
and complemented 
form to simplify 
longer-wordlength 
multipli- 


cations. 
The 
product 
outputs 
are 
three-state, 
controlled 
by 
assertive-low 
enables. 
The M5P 
outputs 
are controlled 
by the 


TRIM (OEM) 
control 
input, while the L5P outputs 
are controlled 
by the TRIL 
(OEL) control 
input. This allows 
one or more multi- 
pliers to be connected 
to a parallel 
bus orto 
be used in a pipelined 
system. 


All 
inputs 
and 
outputs 
have transparent 
latches. 
The 
latches 
become 
transparent 
when 
the input 
to the corresponding 
gate 
control 
line GX, GY, GM, GL is HIGH. 
If latches are not required, 


these 
control 
inputs 
may be tied 
HIGH, 
leaving 
the multiplier 
fully transparent 
for combinatorial 
cascading. 
The device uses a 
single 
+5 V power supply, 
and is available 
both in an 84-terminal 
lead less chip carrier 
(LeG) 
package 
and in an 88-pin-grid-array 


package. 


SO 
} 16·BIT 
LSP 
S15 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910·338·2374 
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SUMMARY 
OF SIGNALS/PINS 


X15-0 
Multiplicand 
16-bit 
data inputs 


Y15-0 
Multiplier 
16-bit 
data inputs 


Mode-control 
inputs 
for each data word; 
XM, YM 
LOW for unsigned 
data' and HIGH for twos- 


complement 
data 


S31-0 
Product 
32-bit 
output 


S31 
Inverted 
MS product 
bit (for expansion) 


RS, RU 
Rounding 
inputs 
for signed 
and unsigned 
data, respectively 


GX 
Gate control 
for Xi, RS, RU 


GY 
Gate control 
for Yi 


GL 
Gate control 
for least-significant 
half 


of product 


GM 
Gate control 
for most-significant 
half 


of product 


TRIL 
Three-state 
control 
for least-significant 
half 
OEL 
of product 


TRIM 
Three-state 
control 
for most-significant 
half 
OEM 
of products 


INPUTS 
ADDS 
USUALLY 
USED 
WITH 


RU 
RS 
215 
214 
XM 
YM, 


L 
L 
NO 
NO 
X 
X 


L 
H 
NO 
YES 
Ht 
Ht 


H 
L 
YES 
NO 
L 
L 


H 
H 
YES 
YES 
. 
. 


t In mixed mode, one of these could 
be low but not both. 


• Usually 
a nonsense 
operation. 


MODE- 


OPERATING 
INPUT 
DATA 
CONTROL 


MODE 
INPUTS 


X15-0 
Y15-0 
XM 
YM 


Unsigned 
Unsigned 
Unsigned 
L 
L 


Unsigned 
Twos-Camp. 
L 
H 


Mixed 
Twos-Camp. 
Unsigned 
H 
L 


Signed 
Twos-Camp. 
Twos-Camp. 
H 
H 


GND 


YO 
Y1 
Y2 


Y3 
Y4 
Y5 


Y6 
Y7 


VCC2 


VCC2 


Y8 
Y9 
Y10 
Y11 


Y12 
Y13 
Y14 


Y15 
YM 
GY 


GND 
50 
51 
52 
S3 
54 
55 
56 
57 


VCC2 
VCC1 
58 
59 
510 
511 


512 
513 
514 
515 
GL 


TRIL (OEL) 
~I~~I~~~~~~~~~~~~~~~~~~ 
~~ 
00000000000000000~ 


~ 
Pla5tic 
Chip 
Carrier 


•• 
VCCl 
: Output 
buffer 
VCC. 
VCC2 : Logic 
VCC. 


All VCC and GND pins must be connected 
to the respective 
VCC and GND 
connections 
on the board 
and should 
not be used for daisychaining 
through 


the IC. 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
FIGURE 
MIN 
TYP 
MAX 


Vee 
Supply 
voltage 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
°e 


tS1 
Setup time (Xi' RillYi 
to GXlGY 
2a.2b 
10 
ns 


tS2L 
60 
tS2 
Setup time Xi. Vi' Ri to GM, GL 
3a,3b 
ns 
tS2M 
74 


I 


tS3L 
4a, 4b. 4c. 
60 


tS3 
Setup time GX, GY to GL. GM 
4d, 4e, 4f 
ns 
tS3M 
75 


tH1 
Hold time 
(Xi' RillYi 
to GXlGY 
2a.2b 
8 
ns 


tH2 
Hold time Xi. Vi. Ri to GM. GL 
tH2L· tH2M 
3a,3b 
3 
ns 


tH3 
Hold time GX. GY to GM. GL 
tH3L' 
tH3M 
4a. 4b. 4c. 
0 
ns 
4d. 4e. 4f 


tw 
Latch enable 
pulse width 
6 
12 
ns 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage ** 
0.8 
V 


I 
VIH 
High-level 
input 
voltage ** 
2 
V 


Vie 
Input 
clamp 
voltage 
Vee 
= MIN 
II 
= 
-18 mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
Vee 
= MAX 
V, = 0.4 V 
-0.4 
mA 


IIH 
High-level 
input 
current 
Vee 
= MAX 
VI = 2.4 V 
75 
/-LA 


II 
Maximum 
input 
current 
Vee 
= MAX 
VI = 5.5 V 
1 
mA 


VOL 
Low-level 
output 
voltage 
Vee 
= MIN 
10L = 8 mA 
0.5 
V 


VOH 
High-level 
output 
voltage 
Vee 
= MIN 
10H = -2 mA' 
2.4 
V 


10ZL 
Va 
= 0.5 V 
-100 
/-LA 


10ZH 
Off-state 
output 
current 
Vee 
= MAX 
Va = 2.4 V 
100 
/-LA 


I 
10S 
Output 
short-circuit 
current* 
Vee 
= MAX 
Va = 0 V 
-20 
-90 
mA 


i 
Ice 
Supply 
current 
Vee 
= MAX 
600 
800 
mA 


I 
Ice 
Supply 
current 
at hot 
Vee 
= 5.25 V 
TA = 75°C 
700 
mA 


I 
temperature 
limit 


t Typicals 
at 5.0 V and 25' eTA' 


* Not more than one output should be shorted at a time and the duration of the short-circuit 
should not exceed one second. 


* * These are absolute voltages with respect to the ground pins and include all overshoots due to system and/or tester noise. 


Do not attempt to test these values without suitable equipment. 


I 
74S556 
I 
TEST 
COMMERCIAL 
I SYMBOL 
PARAMETER 
UNIT 


I 
CONDITIONS 
MIN 
TYP 
MAX 
I 


I 
tOTL 
Xi'Yi,Ri 
to S15-0 
50 
76 
ns 


! 
Transparent 
Figs. 
1, 2c, 3b, 4c, 4f 


I 


Multiply 
GX, GY, GM, GL = H 
Xi'Yi,Rito 
S31:531-16 
! 
tOTM 
Figs. 
1, 2c, 3b, 4c, 4f 
60 
90 
ns 


I 
I 
GX, GY to S15-0 
I 
t01L 
80 
ns 


I 
Transparent 
Figs. 2a, 2b, 4d, 4e 


CL = 30 pF 
Output 
Multiply 
- 
RL = 560 n 


i 
t01M 
GM, GL = H 
GX,GY, 
to S31,S31-16 


See figure 
7 
92 
ns 
Figs. 2a, 2b, 4d, 4e 


I 
Transparent 
GM, GL to Si 
I 
t02 
Input 
Multiply 
35 
ns 
I 
Figs. 3a, 4a, 4b 


I 
GX, GY = H 


I 
Th ree-State 
TRIL 
(OEL), 
TRIM 
(OEM) 
I 
tpxz 
30 
ns 


I 
Oisable 
Timing 
to Si 
Fig.5 


I 
Th ree-State 
TRIL 
(OEL), 
TRIM 
(OEM) 
I 
tpzx 
30 
ns 


I 
Enable 
Timing 
to Si 
Fig. 5 


Thetransparent 
multiply 
is a f1owthrough 
operation 
ofthe 
'SS56. 


Both 
the 
input 
and 
output 
latches 
are made 
transparent 
by 
keeping 
GX, GY, GM, and GLata 
HIGH 
level. The operands 
are 


presented 
to the X, Y, and R inputs; 
the results are avaiiabletOTL 


and tOTM 
later, for the least and most significant 
halves of the 
product 
respectively. 


IDII 


X,Y,R 
L 
~ 
-!--tS1*-!-tH1=.j- 
. 


GX,Gy__ 
1 
I~ __ 


S 
f-- t_O_1l_,_tO_1M_=1= 


X,Y, 
R_t., 
4-'"=t- 


GX,Gy_1 
1 
_ 
f--"'"_'M~~ 
__ 


By tying 
the GL and 
GM 
lines 
HIGH, 
the 'S556 can 
perform 


transparent 
output 
(or pipelined 
input) 
multiplies. 
Data present 


is latched 
at the inputs 
using the GX and GY control 
signals. The 


time at which 
the result S is present 
at the outputs 
depends 
on 


when the rising edges of GX and GY occur. 
If the rising edges of 


GX and GY occur 
after the operand 
inputs 
change, 
then Figure 


2a applies; 
the result 
will be available 
at the outputs 
tD1 Land 


tD1 M * after the rising edges of GX and GY. If the rising edges of 
GX and GY occur 
less than (tw min - tS1 min) before the oper- 


X'Y'R-t"4_~,=t- 
1_- 


S 
f- tO_T_l,_tO_T_Mr 


and 
inputs 
change, 
then 
Figure 
2b applies; 
in this 
case 
the 
result will also be available 
at the outputs 
tD1 Land 
tD1 M * after 


the rising 
edges of GX and GY. However, 
if the rising 
edges of 


GX and 
GY occur 
more 
than (tw 
min -·tS1 min) 
before 
the 


operand 
inputs 
change, 
then 
Figure 
2c applies; 
the result 
will 
appear 
at the outputs 
tDTL and tDTM * after the operand 
inputs 


change. 
* 
For the least and most significant halves of the product. respectively. 


X,Y,R t 
r---l',,-f 


X,Y,R t 
.I-,.-f 
IS2 
tS2 


Gl,GM 
Gl,GM 
I 
~"'1= 
I- 
tOTl,lOTM t= 
s 
s 


By tying 
the 
GX and 
GY lines 
HIGH, 
the 
'S556 can 
perform 


transparent 
input 
(or pipelined 
output) 
multiplies. 
Data is pre- 


sented at the inputs, 
and tS2 after X, Y and R change, 
the results 


can be latched. 
The time at which 
the result S is present 
at the 


outputs 
depends 
upon 
when 
the rising 
edges 
of GL and GM 


occur. 
If they occur at or after (tS2 min - tw min) from the inputs 


changing, 
then 
Figure 
3a applies; 
the 
result 
appears 
at the 
outputs 
tD2 after the rising 
edges 
of GL and GM. 
If the rising 


edges of GL and GM occur 
before (tS2 min - tw min) from 
the 


inputs 
changing, 
then 
Figure 
3b applies; 
the result 
appears 
at 
the outputs 
tDTL 
and tDTM* 
after the operand 
inputs 
change. 


* 
For the least and most significant 
halves of the product, respectively. 


1= 


Gl,GM 
I- 
IOll,I01M 
1= 
s 
lOll 


Figure 
4d 


"'~~~ 
IL 
GX,GyJ 


I- 
IS2 
·1+'H3 


Gl,GM 
I 
1= 
I- 
IOTL,tOTM 
1 
s 


X'Y'R-, 
••4,~~ 
__ 


1.1- 
IS2 


lsa 


GL, GM 
I 


I- 
IOlL,I01M 


S 


I_ ...1-1----1~2--------_-_-_-~-_- 


Figure 
4e 


The gated 
multiply 
represents 
the pipelined 
input 
and output 


operation. 
The latch enable 
lines GX, GY, GL, GM are used to 


store 
incoming 
operands 
and outgoing 
results. 
The particular 


set-up 
times 
that 
must 
be met and the time the result takes to 


reach the outputs 
depends 
on two timing 
relationships. 
The first 


is when 
the rising 
edges of GX and GY occu r with respect 
to the 


operand 
inputs 
changing, 
and 
the second 
is when 
the 
rising 


edges of GL and GM occur with respect to the rising edges of GX 
and GY. On the above timing 
diagrams, 
denote the absolutetime 


Figure 
4f 


that the operand 
inputs 
change 
as TXYR, the absolute 
time that 


the rising edges of GX and GY occur 
as T GXY, and the absolute 


time that the rising 
edges of GL and GM occur 
as T GLM' 
Thus, 


the two delays 
of concern 
can be explicitly 
stated 
as (T GXY - 


T XYR) and (T GLM - TGXY)' 
Notice 
that either 
of these quanti- 


ties 
can 
be positive 
or 
negative 
depending 
on 
which 
event 


occurs 
first. Timing 
for gated multiplies 
can then besummarized 


in the following 
table: 


TGXy-TXYR 
TGLM 
-TGXY 
FIGURE 
WHICH 
SET-UP 
TIMES 
WHEN 
RESULT 
IS 


MUST 
BE MET 
PRESENT 
AT OUTPUTS 


T GXY - T XYR ;:::0 
TGLM- 
TGXY;::: IS3min-1Wmin 
4a 
IS3 
TGLM+t02 


O<T XYWT GXY :s lWmin-tS1 
min 
TGLM- 
TGXY;::: IS3min-tWmin 
4b 
tS1. IS2. tS3 
TGLM+t02 


tWmin 
- tS1min 
< TXYR 
- T GXY 
TGLM- 
TGXY;::: IS3min-tWmin 
4c 
tS1·1S2 
T XYR + (tOTL. 
tOTM) 
* 


T GXY - T XYR ;:::0 
TGLM- 
T GXY < tS3min-1Wmin 
4d 
tS3 
T GXY + (101 L. t01 M) * 


O<TXYWT 
GXY:S 
lWmin-1S1min 
T GLM- 
TGXY < IS3min-tWmin 
4e 
IS1· IS2. tS3 
T GXY + (t01 L. 101 M) * 


lWmin 
- tS1 min < T XYR - T GXY 
T GLM- 
TGXY < IS3min-1Wmin 
41 
tS1. tS2 
TXYR 
+ (IOTL· 
tOTM)* 


* 
For the least and most significant 
halves of the product 
respectively. 


NOTE: 
T XYR represents 
the absolute 
time when the operand 
inputs 
change. 


T GXY and T GLM represent 
the absolute 
times when the rising edges of the latch controls 
occur. 


"",o,:,_tPXZ-+~ 
t~"n 


TRiPi'(OEM) 
1 
-------- 


TEST 
Vx 
OUTPUT WAVEFORM - 
MEAS. LEVEL 


VOH 


*1.5V 
AlltPD 
5.0V 


VOL 


tPHZ 
'0 
VOH !~m 


0.5\' 
tpxz 


0.5V 


IpLZ 
5 
VOL 
O.OV 


IpZH 
0 
2.8V 
~VOH 
IPZX 


5 


1.5V 


IPZL 
O.OV 
VOL 


OUTPUT 
UNDER 
TEST 


Latch Enable Pulse Width 
(GL, GM, GX, GY) 
f 
1 
3V 


LOW-HiGH-LOW 
PULSE 
---- 
------- 
::V 
r-tw-1 
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Recommended 
Bypass Capacitors 


The switching 
currents 
when 
the outputs 
change 
can be fairly 


high. 
and bypass 
capacitors 
are recommended 
to adequately 


decouple 
the VCC and GND 
connections. 


For example. 
on the 84-terminal 
LCC 
package. 
pins 21 and 22 
are VCC2 supplies 
and should 
be decoupled 
with pin 33, a GND 


input. 
using 
a 0.1 J.Lfmonolithic 
ceramic 
disk 
capacitor. 
The 


capacitor 
must have good 
high-frequency 
characteristics. 
Also 


pins 64 and 65. VCC1 and VCC2. 
should 
be decoupled 
with pin 
74, a GND 
input, with a similar 
capacitor 
arrangement. 


For the 
88-pin-grid-array 
package 
pins 
21 and 
22 are VCC2 
supplies 
and should 
be decoupled 
with pin 35. the GND pin. Pins 


66 and 67, VCC1 
and VCC2. 
should 
be decoupled 
with 
pin 77. 


the GND 
pin. 


.r 
vcc 
= 5.25 V 


_800 
<E- 
u2 
.... 
15 
a:: 


~ 
600 


MonolithIc W MemorIes 


IDI 


88 Pin-Grid-Array 
Pin Locations 
Bottom View 
@@@@@@@@@@@®® 
®@@@@@@@@@@@@ 
(D@ 
@@ 
00 
©® 


IDENTIFIER 0 CD 
r----7::-----=-, 
@ @ 
FORPIN1 
~ 
12 
33 
CD (V 
11 
34 
@ @ 
CD@. 
1 
@@ 
88 
@@ 
@@ 
® ® 
tan 
56 
55 
@ @ 
®® 
®® 
@@ 
@@ 
@@@®®@@@®®®@@ 
@@@@@@)®®®®@@@ 


Pin-Guide For Pin Grid Array 


Pin No. 
Pin Name 
Pin No. 
Pin Name 
Pin No. 
Pin Name 
Pin No. 
Pin Name 


1 
X9 
23 
N/C* 
45 
825 
67 
VCC2t 


2 
Xl0 
24 
Y8 
46 
824 
68 
N/C* 


3 
Xll 
25 
Y9 
47 
823 
69 
87 


4 
X12 
26 
Yl0 
48 
822 
70 
86 


5 
X13 
27 
Yll 
49 
821 
71 
85 


6 
X14 
28 
Y12 
50 
820 
72 
84 


7 
X15 
29 
Y13 
51 
819 
73 
83 


8 
XM 
30 
Y14 
52 
818 
74 
82 


9 
GX 
31 
Y15 
53 
817 
75 
81 


10 
R8 
32 
YM 
54 
816 
76 
80 


11 
RU 
33 
GY 
55 
GND 
77 
GND 


12 
GND 
34 
N/C* 
56 
TRIL (OEL) 
78 
N/C* 


13 
YO 
35 
GND 
57 
GL 
79 
GND 


14 
Yl 
36 
TRIM (OEM) 
58 
815 
80 
XO 


15 
Y2 
37 
GM 
59 
814 
81 
Xl 


16 
Y3 
38 
831 
60 
813 
82 
X2 


17 
Y4 
39 
831 
61 
812 
83 
X3 


18 
Y5 
40 
830 
62 
811 
84 
X4 


19 
Y6 
41 
829 
63 
810 
85 
X5 


20 
Y7 
42 
828 
64 
89 
86 
X6 


21 
VCC2t 
43 
827 
65 
88 
87 
X7 


22 
VCc2t 
44 
826 
66 
VCCltt 
88 
X8 


Rounding 


Multiplication 
of two n-bit operands 
results in a 2n-bit 
productt. 


Therefore, 
in a pure n-bit 
system 
it is necessary 
to convert 
the 
double-length 
product 
into a single-length 
product. 
This can be 
accomplished 
by truncating 
or rounding. 
The following 
exam- 
ples illustrate 
the difference 
between 
the two conversion 
tech- 
niques 
in decimal 
arithmetic: 


39.2-39 
39.6 - 
39 
Truncating 


39.2 + 0.5 = 39.7 - 
39 
39.6 + 0.5 = 40.1 - 
40 


0.05 to the number 
and truncating 
the LSB: 


39.28 + 0.05 = 39.33 - 
39.3 


The situation 
in binary 
arithmetic 
is quite similar, 
but two cases 
need to be considered; 
signed 
and unsigned 
data representa- 
tion. 
In signed 
multiplication, 
the two 
MSBs 
of the 
result 
are 
identical, 
except 
when 
both operands 
are -1 ; therefore, 
the best 
single-length 
product 
is shifted 
one 
position 
to the right 
with 
respect to the unsigned 
mUltiplications. 
Figure 8 illustrates 
these 
two cases for the 16x16 mUltiplier. 
In the signed 
case, adding 
one-half 
of the S15 weight 
is accomplished 
by adding 
1 in bit 
position 
14, and in the unsigned 
case by adding 
1 in bit position 
15. Therefore, 
the 'S556 multiplier 
has two rounding 
inputs. 
RS 
and RU. Thus, to get a rounded 
single-length 
result, the appro- 
priate R input 
is tied toVee 
(logic 
High) 
and the other 
R input is 
grounded. 
If a double-length 
result is desired, 
both R inputs are 
grounded. 


Obviously, 
rounding 
maintains 
more precision 
than truncating, 
but it may take one more step to implement. 
The additional 
step 
involves 
adding 
one-half 
of the weight 
of the single-length 
LSB 
to the 
MSB 
of the discarded 
part; 
e.g., 
in decimal 
arithmetic 
rounding 
39.28 to one decimal 
point 
is accomplished 
by adding 


FULL 32-BIT 
] 
PRODUCT 


513 
... 
50 


Y14 
Y13 
Y12 
Y11 
Y10 
Y9 
Y8 
Y7 
Y6 
Y5 
Y4 
Y3 
Y2 
Y1 


529 
528 
527 
526 
525 
524 
523 
522 
521 
520 
519 
518 
517 
516 
",,:,,"' 
...J 
WEIGHT 
OF THE 
DISCARDED 
PART 


• 
X15 
X14 
X13 
X12 
X11 
X10 
X9 
X8 
X7 
X6 
X5 
X4 
X3 
X2 
X1 


• 
Y15 
Y14 
Y13 
Y12 
Y11 
Y10 
Y9 
Y8 
Y7 
Y6 
Y5 
Y4 
Y3 
Y2 
Y1 


• 
531 
530 
529 
528 
527 
526 
525 
524 
523 
522 
521 
520 
519 
518 
517 


·000000000000000 


• 531 
530 
529 
528 
527 
526 
525 
524 
523 
522 
521 
520 
519 
518 
517 
"00 ,: ~ ••••J 


WEIGHT 
OF THE 
DISCARDED 
PART 


FULL 32-BIT 
] 
PRODUCT 


514 
513 
... 
50 


NOTES: 


(a) In signed (twos-complement) 
notation, 
the MSB of each operand 
isthe sign bit, and the binary point is to the rightof 
the MSB. The resulting 
product 
has a redundant 


sign bitand 
the binary point is to the right 01the second MSB of the product. The best 16-bit product 
is from 830 through 
815- and rounding 
is performed 
by adding "1~ 


to bit position 814" 


(b) In unsigned 
notation 
the best 16-bit product 
is the most significant 
half of the product 
and is corrected 
by adding 
"1~ to bit position 
815" 


using the ':555ti in a Plpellnea 
Positive-Edge 
Triggered 
Clock System 


The 'S556 has internal latches which can be used affectively in 
systems where things happen on positive-going clock edges. 
This application is an extension of the gated mUltiply mode 
shown in Figure 1,in which a32-bit product can be latched every 
t53 nsec in the 'S556. 


If the signals GX, GY, GM and GL can be derived from the 
system clock then the latches can almost havethe sameeffect as 
having a register. The basic philosophy behind the recom- 
mended timing is that the input latches are closed when the 
output latches are open; the outputs are then closed (and have 


svs~ 
CLK 


latched results) and new data is presented to the input latches, 
which are opened. This isshown by the relation between GX,GY 
and GL, GM in Figure 9. The set-up time t53 is shown as one 
value but strictly speaking, it is split as tS3L and t53M for the 
least significant and most significant half of the product respec- 
tively. The value of tS3L is less than tS3M' for applications 
requiring 
the least significant 
bits of the result as fast as 
possible. 


One note of caution isthat a design must always meet the set-up 
and hold times for Xi, Ri with respect to GX and for Yi with 
respect to GY. 


The result Si isavailable t02 after the rising edge of GM and GL. 
~_I 


IS1,IHl 
= SETUP, 
HOLD TIMES OF 
Xi' R, TO GX AND Vi TO GV 
~ 
IHl 


I 
I 
1\'--------- 
:. 
102 = PROPAGATION 
DELAV OF 


GM,GLTOSi 
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A twos-complement 
32x32 mUltiplication can be performed 
within 220 nsec using 4 'S556s, 20 'S381s, and 7 'S182s. This 
32x32 multiply operation involves adding up four partial pro- 
ducts as shown in Figure 10. These four partial products are 
generated in four multipliers; the outputs are XNYA, XNYB, 
XB"YA, XB"YB, where X31-16 = XB, X15-o = XA, Y31-16 = YB, 
Y15-o = VA. 


The implementation of this twos-complement 32x32mUltiplier is 
shown in Figure 11. The outputs of the 16x16 multipliers are 
connected to two levels of adders to give a 64-bit product. The 
first level of adders is needed to add the two central partial 
products of Figure 10,XA"YB and XB"YA. Notice the technique 
which is used to generate the "sign extension", or the most- 
significant sum bit of the first levelof adders. The 'S556provides, 
as a direct output, the complement of the most-significant pro- 
duct bit; having this signal immediately speeds up the sign- 
extension computation, and reduces the external parts count. 


INPUTS 


VCC 
v31-16 
X31-16 
vcc 
V1S-0 
X31-16 
vcc 
V31-16 
X1S-0 
V1S-0 
X1S-0 


U 
U 
U 
Jj 


V15-0 
X1S-0 
V1S-0 
X1S-0 
X1S-0 
X1S-0 


VM 
XM 
VM 
XM 
VM 
XM 
[[I 


'S556 
'S556 
'S556 
'S556 


S31-16> 
S1S-0 
.". 
S31-17, 
S16> S1S-0 


S47-32 


OUTPUTS 


* THESE ARE ADDER BLOCKS 
USING THE 'S381, A4-BIT 
ALU FUNCTION 
GENERATOR, 
TO PERFORM A HIGH SPEED ADD 
OPERATION. 
THE 'S1821S A LOOK-AHEAD 
CARRV GENERATOR 
WHICH 
REDUCES THE PROPAGATION 
DELAV.ALL 
THE 


ABOVE 
PARTS ARE AVAILABLE 
FROM MONOLITHIC 
MEMORIES 
INCORPORATED. 


For example, the inputs to the adder in the most significant 
position are the S31 outputs from the two central multipliers. 
The sign extension of the addition of XA"YS and XS"YA is 
defined as 
SIGN EXT = A.S. + A.C. + S.C., where 
A is the most-significant bit of the term XA"YS; 
S is the most-significant bit of the term XS"YA; and 
C is the carry-in to the most-significant bits of XA"YS and 
XS"YA, in the adder. 


The sign extension can be computed as the negation of the 
carry-outterm olthree terms,A, B, and C.This term corresponds 
to the negative of the carry-out of the bit position just one place 
to the right of the most-significant bit position olthe first levelof 
adders. The negative of the carry-out can be generated by 
presenting a carry-out and a binary "one" to the most significant 
bit of the adder. The generated sum bit then corresponds to the 
negation olthe carry-out of the previous stage, which isthe sign 


extension required to be added to the 16most-significant bits of 
the XS"YS partial product term. 


The second level of adders, which performs a 48-bit add func- 
tion, isfairly straightforward. These adders can be implemented 
using 'S381 four-bit ALUs and 'S182 carry-bypasses ("carry- 
lookahead generators") which are available from Monolithic 
Memories Inc. and from other vendors. 


Other configurations such as 48x48 and 64x64 multipliers can 
be designed using the same methodology, r1. 


References 


1. "Fast 64x64 Multiplication using 16x16 Flow-through Multi- 
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MonollthloW Memories 


8x8 High Speed 
Schottky Multipliers 
SN74S557 


SN54/74S558 


• 
Cascadable; 
56x56 fully-parallel 
multiplication 
uses only 34 
mUltipliers 
for 
the 
most-significant 
half 
of 
the 
product 


Description 


The 
'S557/S558 
is a high-speed 
8x8 combinatorial 
multiplier 
which 
can 
mUltiply 
two 
eight-bit 
unsigned 
or 
signed 
twos- 


complement 
numtJers 
and generate 
the sixteen-bit 
unsigned 


or 
signed 
product. 
Each 
input 
operand 
X 
and 
Y has 
an 
associated 
Mode control 
line, XM andYM 
resoectivelv,When 
a 
Mode control 
line is at a Low logic level, the operand 
is treated 
as an unsigned 
eight-bit 
number; whereas, if the Mode control 
is 
at a High logic level, the operand 
is treated as an eight-bit 
signed 
twos-complement 
number. Additional 
inputs, RS and RU, (R, in 
the'S557) 
allow the addition 
of a bit into the multiplier 
array at 
the appropriate 
bit positions 
for rounding 
signed 
or unsigned 
fractional 
numbers. 


The 
'S557 
internally 
develops 
proper 
rounding 
for 
either 
signed 
or unsigned 
numbers 
by combining 
the rounding 
input 
R with XM, YM,XM' 
and YM as follows: 


RU =XM 'YM 
. R = Unsigned 
rounding 
input to 27 adder. 


RS = (XM + YM) R = Signed rounding 
input to 26 adder. 


Since the 'S558 has no latches, it does not require the useof pin 11 
for the latch 
enable 
input 
G, so RS and RU are brought 
out 
separately. 


The 
most-significant 
product 
bit is available 
in both true and 
complemented 
form 
to assist 
in expansion 
to larger 
signed 
multipliers. 
The product 
outputs 
are three-state, 
controlled 
by 
an assertive-low 
Output 
Enable 
which 
allows 
several 
multi- 
pliers to be connected 
to a parallel 
bus or be used in a pipe- 
lined system. The device uses a single +5V power supply and is 
packaged 
in a standard 
40-pin 
DIP. 


PART NUMBER 
PACKAGE 
TEMPERATURE 


54S558 
J, (44), (L) 
Military 


74S557, 74S558 
N,J, 
Commercial 


XM 


So 


S, 


S2 


S3 


S4 


S5 


54n4S558 
S6 


74S5571t) 
S7 


GND 


Yo 
S9 


Y, 
S'O 


Y2 
S" 


S'2 


Logic Symbol 


Gt/Au 
AtlAS 


OE 
Pin Configuration 


'6=)S'5-00 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
MonolIthIc ~~n 
MemorIes 
InJl1JJ 
11·37 


Yo 
I 
I 


a-BIT 
I 


Y 
I 


INPUT I 
I 
I 


Y7 


a x a 
MULTIPLIER 
ARRAY 


16 


LATCH (Gt)------': 
TRANSPARENT 
:__ 
'S557 ONLY 
ENABLE 
~ 
~~!C~~~l 


Monolithic miD Memories 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
Vee 
......................................................................................•...... 
7.0 V 
Input voltage 
...............•..•.........................................................•...................... 
7.0 V 
Off-state 
output 
voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage 
temperature 
......................................•....•.........................•..•.......... 
-65° 
to +1500e 


SYMBOL 
PARAMETER 
DEVICE 
MILITARY 
COMMERCIAL 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vee 
Supply 
voltage 
all 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
all 
-55 
125* 
0 
75 
°e 


tsu 
Xi' 
Yi 
to 
G set 
'S557 
40 
ns 


th 
Xi, 
Yi 
to G hold 
time 
'S557 
, 
0 
ns 


tw 
Latch 
enable 
pulse 
width 
'S557 
15 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


VIL 
Low-level 
input voltage 
0.8 
V 


VIH 
High-level 
input voltage 
2 
V 


Vie 
Input 
clamp 
voltage 
Vee 
= 
MIN 
'I 
= -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
Vee 
= 
MAX 
VI 
= 0.5V 
-1 
mA 


IIH 
High-level 
input 
current 
Vee 
= 
MAX 
VI 
= 2.4V 
100 
IJA 


II 
Maximum 
input 
current 
Vee 
= MAX 
VI 
= 5.5V 
1 
mA 


VOL 
Low-level 
output 
voltage 
Vee 
= 
MIN 
10L 
= 8mA 
0.5 
V 


VOH 
High-level 
output 
voltage 
Vee 
= 
MIN 
10H = -2mA 
2.4 
V 


10ZL 
Vo 
= 0.5V 
-100 
!JA 
Off-state 
output 
current 
Vee 
= MAX 
10ZH 
Vo 
= 2.4V 
100 
p.A 


10S 
Output 
short-circuit 
current 
* 
Vee 
= 
MAX 
Vo 
= OV 
-20 
-90 
mA 


Ice 
Supply 
current 
Vee 
= 
MAX 
200 
280 
mA 
* 
Not more than one output should be shorted -ata time and duration of the short-circuit sho.uld not exceed one second. 


t Typicals 
at S.OV vCC and 2S"CTA· 


SYMBOL 
PARAMETER 
DEVICE 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYpt 
MAX 
MIN 
TYpt 
MAX 


tPD1 
Xi, Yi to S7-0 
All 
40 
60 
40 
50 
ns 


tpD2 
Xi, Yi toS,5-8 
All 
45 
70 
45 
60 
ns 


tpD3 
Xi' 
Yi toS15 
All 
eL 
= 30pF 
50 
75 
50 
65 
ns 


tPD4 
GtoSi 
'8557 
RL 
= 560n 
. 20 
40 
20 
35 
ns 


tpxz 
OEtoSi 
All 
see test figures 


20 
40 
20 
30 
ns 


tpzx 
OEtoSi 
All 
15 
40 
15 
30 
ns 


NOTE: If the rising edge of G occurs before 
(tSUMIN-lWMIN) 
from the inputs 


changing, 
then the applicable 
propagation 
delays are tpD, tpD2 and tpD3. 
(and not tp04). 
In this case the time at which the results arrive at the outputs 
depends 
on when 
the inputs change 
instead of when 
the rising edge of 


G occurs. 
t--------------------3V 


I~P~T~ 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
- 
-1.5V 
--------------------OV 


lpDl, 
2, 3 


lPxZ-I, 
~l~:v 
f---- 
---1,5V 
OE---_________ 
OV 


LOW~~~~ELOW ----f---3---- 
::V 
r-tw-1 
£ 
1 


3V 


HIGH-LOW-HIGH 


PULSE 
---- 
--- 
----::V 


TEST 
Vx 
OUTPUT WAVEFORM - 
MEAS. LEVEL 


VOH 


*1.5V 
All tpD 
5.0V 


VOL 


for 
for 
VOH !~, .. 
lpHZ 
tPLZ 
O.5V 
tpxz 
O.5V 
O.OV 
5.0V 
VOL 
O.OV 


for 
lor 
tpZH 
lpZL 
2.8V 
~VOH 


lpZX 
1.5V 


O.OV 
5.0V 
O.OV 
VOL 


* The "TEST POINT" 
is driven by the output under test. 


and observed by instrumentation. 


WAVEFORM 
INPUTS 
OUTPUTS 
- 


DON'T CARE; 
CHANGING; 


CHANGE PERMITTED 
STATE UNKNOWN 


]) ([ 
NOT 
CENTER LINE IS 


APPLICABLE 
HIGH IMPEDANCE STATE 


MUST BE STEADY 
WILL BE STEADY 


SUMMARY 
OF SIGNALS/PINS 


Xy-Xo 
MUltiplicand 
8-bit 
data inputs 


Yy-Yo 
MUltiplier 
8-bit 
data inputs 


Mode control 
inputs for each data word; LOW for 


XM' YM 
unsigned 
data and HIGH 
for twos-complement 


data 


S15-S0 
Product 
16-bit 
output 


S15 
Inverted 
MSB for expansion 


RS,RU 
Rounding 
inputs 
for signed 
and unsigned 
data, 


respectively 
('S558 only) 


G 
Transparent 
latch enable 
('S557 only) 


OE 
Three-state 
enable for S15-S0 
and S15 outputs 


R 
Rounding 
input 
for signed 
or unsigned 
data; 
combined 
internally 
with XM' YM 
('S557 only) 


PRODUCT 
LATCH 


INPUTS 
RESULT 
CONTENTS 
OUTPUTS 
FUNCTION 
FROM 
(INTERNAL 


ARRAY 
TO 
PART) 


OE 
G 
Ti 
°1 
S, 


L 
L 
X 
L 
L 
Latched 
L 
L 
X 
H 
H 


L 
H 
L 
(L)* 
L 
Transparent 
L 
H 
H 
(H)* 
H 


H 
L 
X 
(L) 
Z 
Hi-Z; 
Latched 


H 
L 
X 
(H) 
Z 
Data not 
Changed 


H 
H 
X 
(X)* 
Z 
Hi-Z 


ROUNDING 
INPUTS 
'S557 


INPUTS 
ADDS 


XM 
YM 
R 
27 
26 


L 
L 
H 
YES 
NO 


L 
H 
H 
NO 
YES 


H 
L 
H 
NO 
YES 


H 
H 
H 
NO 
YES 


X 
X 
L 
NO 
NO 


INPUTS 
ADDS 
USUALLY 
USED 
WITH 


RU 
RS 
27 
26 
XM 
YM 


L 
L 
NO 
NO 
X 
X 


L 
H 
NO 
YES 
Ht 
Ht 


H 
L 
YES 
NO 
L 
L 


H 
H 
YES 
YES 
* 
* 
tin 
mixed mode, one of these could 
be Low but not both. 


*Usually 
a nonsense operation. See applications section of data sheet. 


MODE 


INPUT 
DATA 
CONTROL 


OPERATING 
INPUTS 


MODE 
X7-XO 
Yy-YO 
XM 
YM 


Unsigned 
Unsigned 
Unsigned 
L 
L 


Unsigned 
Twos-Comp. 
L 
H 
Mixed 
Twos-Comp. 
Unsigned 
H 
L 


Signed 
Twos-Comp. 
Twos-Comp. 
H 
H 


Multiplication 
of two 
n-bit 
operands 
results 
in a 2n-bit 
prod- 
uctt. 
Therefore, 
in an n-bit system 
it is necessary to convert the 
double-length 
product 
into a single-length 
prodUCt. This can 
be accomplished 
by truncating 
or rounding. 
The following 
ex- 
amples 
illustrate 
the difference 
between 
the 
two 
conversion 
techniques 
in decimal 
arithmetic: 


39.2-39} 
. 


39.6 -39 
Truncating 


39.2 + 0.5 = 39.7-39} 
39.6 + 0.5 = 40.1 -40 
Rounding 


Obviously, 
rounding 
maintains 
more precision 
than truncating, 


but 
it may take one more 
step to implement. 
The 
additional 
step involves adding 
one-half 
of the weight 
of the single-length 
LSB to the MSB 
of the discarded 
part; e.g., in decimal 
arith- 
metic rounding 
39.28 to one decimal 
point is accomplished 
by 
adding 
0.05 to the number 
and truncating 
the LSB: 


39.28 + 0.05 
= 39.33-39.3 


The situation 
in binary arithmetic 
is quite similar, but two cases 
need to be considered: 
signed 
and unsigned 
data 
represen- 
tation. 
In signed 
multiplication, 
the two MSBs of the result are 
identical, 
except 
when 
both 
operands 
are -1; 
therefore, 
the 
best single-length 
product 
is shifted 
one position 
to the right 
with 
respect 
to 
the 
unsigned 
mUltiplications. 
Figure 
1 illus- 
trates these two cases for the 8x8 multiplier. 
In the signed case, 


adding 
one-half 
of the S7 weight 
is accomplished 
by adding 
1 
in bit position 
6, and in the unsigned case 1 is added to bit posi- 
tion 7. Therefore, 
the 'S558 mUltiplier 
has two rounding 
inputs, 
Rsand 
Ru. Thus, 
to 
get 
a rounded 
single-length 
result, 
the 
appropriate 
R input 
is tied to VCC 
(logic 
High) 
and the other 


R input 
is grounded. 
If a double-length 
result 
is desired, 
both 
R inputs 
are grounded 
for the 'S558, and the single 
R input 
is grounded 
for the 'S557. 


tin 
general: multiplication 
of an M-bit operand by an N-bit operand results in an (M + N)-bit product. 


The 'SS57 and 'S558 multipliers 
are 8x8 full-adder 
Cray arrays 
capable 
of multiplying 
numbers 
in unsigned, 
signed, 
twos- 
complement, 
or mixed notation. 
Each 8-bit input operand 
X and 
Y has associated 
with 
it a mode 
control 
which 
determines 
whether 
the array treats this number 
as signed 
or unsigned. 
If 
the mode 
control 
is at High 
logic 
level, then the operand 
is 


treated as a twos-complement 
number with the most-significant 
bit having a negative weight; whereas, 
if the mode control 
is at a 
Low 
logic 
level, then the operand 
is treated 
as an unsigned 
number. 


The 
multiplier 
provides 
all 16 product 
bits generated 
by the 
multiplication. 
For expansion 
during 
signed 
or mixed multipli- 
cation 
the most-significant 
product 
bit is available 
in both true 
and complemented 
form. This allows an adder to be used as a 
subtractor 
in many 
applications 
and eliminates 
the need for 
certain 
SSI circuits. 


Two additional 
inputs to the array, RS and RU' 
allow 
the 
ad- 
dition 
of a bit at the appropriate 
bit position 
50 as to provide 
rounding 
to the 
best signed 
or unsigned 
fractional 
eight-bit 
result. 
These 
inputs 
can 
also 
be used for rounding 
in larger 
mUltipliers. 
In the 'S557, these two inputs 
are generated 
inter- 
nally from 
the mode controls 
and a single 
R input. 


The 
product 
outputs 
of the 
mUltiplier 
are controlled 
by an 
assertive-low 
Output 
Enable control. 
When this control 
is at a 
Low 
logic 
level the 
mUltiplier 
outputs 
are active, while 
if the 
control 
is at a High logic level then the outputs are placed in a 
high-impedance 
state. 
This 
three-state 
capability 
allows 


several 
multipliers 
to 
drive 
a common 
bus, and 
also allows 
pipelining 
of multiplication 
for higher-speed 
systems. 


'T'O"'~" 


Xo I 
X5 
X4 
X3 
X2 
x, 
I 
X 
Y7 • Y6 
Y5 
Y4 
Y3 
Y2 
y, 
Yo 
(a) 51GNED 
512 
5" 
510 
59 
58 
57 
15 
MULTIPLICATION 
515 
5,4·5,3 
I 
6 
* OMIT5,5 
+ 
• 
0 
0 
0 
0 
0 
0 
0 
1 


SINCE S,4 = S,5 
* 514 • 513 
512 
511 
510 
59 
58 
57 I 


il-OMITS,5 
v 
-I 


SINCE S,4 = S,5 
BE5T 8-BIT PRODUCT 
1 
I 


• 
X7 
X6 
X5 
X4 
X3 
X2 
X, 
Xo I 


X 
• 
Y7 
Y6 
Y5 
Y4 
Y3 
Y2 
y, 
YO I 


(0) """"'" 
{ 
MULTIPLICATION 
+ 
• 515 
514 
513 
512 
511 
510 
59 
58 I 57 


0 
0 
0 
0 
0 
0 
O· 
o I 
1 


.5,5 
514 
513 
512 
511 
510 
59 
5~ I 


v 
BEST 8-BIT PRODUCT 


NOTES: 


55 
54 
53 
52 
51 


00000 


50 
...-FULL 
16-BIT PRODUCT 


o 
...--ADD 
1/2 THE M5B 
WEIGHT 
OF THE 
DI5CARDED 
PART 


56 
55 
54 
53 
52 
51 
50 
_ 
FULL 16-BIT PRODUCT 


o 
0 
0 
0 
0 
0 
0 
_ADD 
1/2 THE M5B 
------------------------------- 
WEIGHT 
OFTHE 
DI5CARDED 
PART 


(a) 
In signed (twos-complement) 
notation, the MSB of each operand is the sign bit, and the binary point is to the right of the MSB. The resulting 
product 
has a redundant 
sign bit and the binary point is to the right of the second MSB of the product. The best eight-bit product is from 814 through 57' and rounding is performed by adding 
"1" to bit position $6" 


(b) 
In unsigned 
notation 
the best 8-bit product 
is the most significant 
half of the product 
and is corrected 
by adding 
"1" to bit position 
$7" 


The 
most-significant 
product 
bit 
has 
both 
true 
and 
comple- 
ment 
outputs 
available. 
When 
building 
larger 
signed 
multi- 


pliers, 
the 
partial 
products 
(except 
at the 
lower 
stages) 
are 
signed 
numbers. 
These 
unsigned 
and 
signed 
partial 
products 
must 
be added 
together 
to 
give 
the 
correct 
signed 
product. 


Having 
both 
the 
true 
and 
complemented 
form 
.of the 
most- 


significant 
product 
bit 
available 
assists 
in this 
addition. 
For 


example, 
say that 
two 
signed 
partial 
products 
must 
be added 


and MSI adders 
are used; we then have the situation 
of adding 
together 
the carry from 
the previous 
adder 
stage plus the addi- 


tion 
of the 
two 
negative 
most-significant 
partial-product 
bits. 
The 
result 
of adding 
these 
variables 
must 
be a positive 
sum 


and 
a negative 
carry 
(borrow). 
The 
equations 
for 
this 
are: 


S=AalBalC 


COUT 
= AB 
+ 
BC 
+ 
CA 


where 
C is the carry-in 
and A and B are the sign bits of the two 


partial 
products. 


Now 
an adder 
produces 
the 
equations: 
S=AalBEi3C 


COUT 
= AB 
+ 
BC 
+ 
CA 


Examining 
these equations, 
it can be seen that, if the inversions 
of A and 
B are used, then 
the most 
significant 
sum 
bit of the 


adder 
is the sign extension 
b_i_l. 
_ 


Sign ext = AB + Be + CA = AS + BC + CA, 


and the sum remains 
the same. 


16x16 
Twos-Complement 
Multiplication 


The 16-bit 
X operand 
is broken 
into two 8-bit 
operands 
(X7-Xo 


and X15-X8), 
as is the Y operand. 
Since the situation 
is that of a 


cross-product, 
four 
partial 
products 
are generated 
as follows: 


A = XL 
• YL 
B = XL 
• YH 
C=XH'YL 
O=XH'YH 


where 
the subscript 
L stands 
for bits 7-0, ("low 
or least-signifi- 
cant 
half), 
and 
the subscript 
H stands 
for 
bits 
15-8. 


Expanded 
twos-complement 
multiplication 
requires 
a 
sign 
extension 
of the Band 
C partial 
products. 
Thus, 
B15 
and C15 


need 
to 
be extended 
eight 
positions 
to the 
left (to align 
with 


015), 
In this 
approach 
t~o 
more 
adders 
are required. 
But the 


complement 
of the MSB (S15) on the 'S557/8 can be used to save 


these two adders. 
Figure 
2 shows 
the implementation 
of 16x16 


signed 
twos-complement 
mUltiplication 
in this manner. 


INPUTS 
vcc 
Yl508 
vcc 
Y7-0 
Xl508 
VCC 
Yl508 
X7-0 
Y7-0 
X7-0 


V 
U 
U 


Y15-0 
XlS-O 
X15-0 
XlS-O 


YM 
XM 
YM 
XM 


'S557/8 
'S557/8 
'S557/8 


S1508 
S7-0 
S1509, S8 
S7-0 


S31-24 
S23-16 
S1508 
S7-0 


OUTPUTS 


* THESEAREADDERBLOCKSUSINGTHE'S381,A4-BIT ALU FUNCTIONGENERATOR,TO PERFORMA HIGH-SPEEDADD 
OPERATION.THE'S1821SA LOOKAHEADCARRYGENERATORAND REDUCESTHE PROPAGATIONDELAY.ALL OFTHE 
ABOVEPARTSAREAVAILABLEFROMMONOLITHIC MEMORIESINCORPORATED. 


TOTALMULTIPLYTIME = MULTIPLIERDELAY+ADDER LEVEL1DELAY+ADDER LEVEL2 DELAY = 60+44+64 
= 168.Iee 


Figure 2. 16x16 Twos-Complement 
Signed 
MUltiplication 


X15 X14 X'3 
X'2 
x" 
Xl0 
Xg 
X8 
X7 
X6 
X5 
X4 
X3 
X2 
Xl 
Xo 


Y'5 
Y'4 Y13 Y12 Y" 
Y,O Yg 
Y8 
Y7 
Y6 
Y5 
Y4 
Y3 
Y2 
Yl 
Yo 


IB'5 B'4 
B'3 B'2 
B" 
B,O Bg 
B811B7 
B6 
B5 
B4 
B3 
B2 
B, 
Bol 


1015 0'4 
0,3 
0'2 
0" 
0'0 
Og 
081107 
06 
05 
04 
03 
02 
0, 
001lA,5 A'4 A'3 A'2 
A" 
A,O Ag 
A811A7 
A6 
AS 
A4 
A3 
A2 
A, 
Aol 


IC,5 C'4 C'3 C'2 C" 
C'O Cg 
c811C7 
C6 
C5 
C4 
C3 
C2 
c, 
col 


S3' S30 S29 S28 S27 S26 S25 S24 S23 S22 S2' S20 S'9 
S,8 S17 516 
515 S,. 
S'3 S'2 
S" 
s,o 
S9 
S8 
S7 
S6 
Ss 
S. 
S3 
S2 
S, 
So 


ROUNDEDRESULT 


Figure 
3. Unsigned 
Expansions 
of the 8x8 
Multiplier 
to 16x16 
MUltiplication 
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Applications: 
How to Design Superspeed Cray 
Multipliers 
with '5585 
by Chuck 
Hastings 


Multiplication, 
as most of us think of it, is performed 
by repeated 


addition 
and shifting. 
When we multiply 
using pencil and paper, 
according 
to the familiar 
elementary-school 
method, 
we first 


write down the mUltiplicand, 
and then write down the multiplier 


immediately 
under it and underline 
the multiplier. 
Then we take 


the least-significant 
digit of the multiplier, 
multiply 
that digit by 
the entire multiplicand, 
and record the answer in the top row of 


our workspace, 
underneath 
the line. Then we repeat, using now 


the 
second-least-significant 
multiplier 
digit, 
and 
record 
that 


answer 
below 
the first one, pushed 
one digit 
position 
(that is, 
"shifted") 
to the left. This process continues 
until we run out of 


mUltiplier 
digits 
(or out of patience), 
at which 
point we add up 


the 
constants 
of the whole 
diamond-shaped 
workspace 
and 


record 
at 
the 
bottom 
an 
answer 
which 
consists 
of 
either 


m + n - 1 digits or m + n digits, where there are m digits in the 
mUltiplier 
and n digits 
in the multiplicand. 
An example, 
voila': 


125 
(multiplicand) 


x107 
(multiplier) 


875 
(7 x 125) 
000 
(0 x 125, shifted 
left one digit 
position) 
125 
(1 x 125, shifted 
left two digit 
positions) 


13375 
(sum of the above) 


The 
decimal 
number 
system 
has 
no 
monopoly 
on truth 
- 


our 
ancestors 
simply 
happened 
to 
have 
ten 
fingers 
at the 


time when someone 
came up with the idea of counting. 
Binary 
numbers, 
as you 
know, are more copacetic 
than are decimal 


numbers 
with 
digital-logic 
elements, 
which 
like 
to 
settle 


comfortably 
into one voltage 
state ("High) 
or another 
("Low"), 


rather than into one of ten different 
states. So we can repeat the 


above example 
using binary 
numbers, 
right? 
First, we convert 


our 
multiplicand 
and multiplier 
to binary: 


12510 = 011111012 


10710 = 011010112 


The 
subscripts 
10 and 2 refer to the "base" or "radix" 
of the 
number 
system, 
10 for decimai 
and 2 for binary. 
(Remember 


your 
New Math?) 
For sneaky reasons to be revealed soon, I've 


used 
8-bit 
binary 
numbers, 
which 
is 
one 
bit 
more 
than 


necessary 
for 
my example, 
and added a leading 
zero. So, we 


multiply: 


011111012 
12510 


x011010112 
10710 


01111101 
01111101 
0ס0ooooo 


01111101 


0000סס oo 
01111101 


01111101 


00סס oo00 


0011010000111111 
= 1337510 


Figure 
5. Binary 
Multiplication 


I've 
left 
off 
the 
remarks 
this 
ti'me, but 
they're 
just 
like 
the 


remarks 
in the decimal 
example, 
at least in principle. 
Just 
in 


case you doubt 
this answer, 
I'll convert 
it back: 


1 
1 
1 
2 
1 
4 
1 
8 
1 
16 
1 
32 
0 
0 
64) 


0 
0 
128) 


0 
0 
256) 


0 
0 
512) 


1 
1024 
0 
0 
( 2048) 


1 
4096 
1 
8192 
0 
0 
(16384) 


0 
0 
(32768) 
--- 
13375 


Now look carefUlly at the diamond-shaped 
array of numbers 
in 
the workspace 
in Figure 5. Each row is either the multiplicand 
01111101, 
or else all zeroes. The 011111 
01 rows correspond 


to "1" digits in the multiplier, 
and the all-zero rows to "0" digits in 


the 
mUltiplier. 
Life does get 
simpler 
in some 
ways when 
we 


switch 
to binary 
numbers: 
"mUltiplying 
a multiplier 
digit by the 
multiplicand" 
now means just gating 
a copy of the multiplicand 
into that position 
if the digit is "1," and not doing so if the digit is 
"0." 


Seymour 
Cray, the master computer 
designer 
from 
Chippewa 


Falls, Wisconsin, 
whose 
career 
has spanned 
three companies 
(Univac, 
Control 
Data, and 
now 
Cray 
Research) 
and 
many 


inventions, 
first 
observed 
some 
time 
in 
the 
late 
1950s that 
computers 
also could 
actually 
multiply 
this way, if one merely 


provided 
enough 
components. 
This 
last qualifying 
remark; 
in 


those days when even transistors, 
let alone integrated 
circuits, 


in computers 
were still a novelty was by no means a trivial one' 


To prove his point 
(and satisfy 
a government 
contract), 
Cray 


designed, 
and 
Control 
Data 
built, 
a 48x48 
multiplier 
which 


operated 
in one microsecond, 
about 
1960. This multiplier 
was 


part 
of 
a 
special-purpose 
array 
processor 
for 
a classified 


application, 
and was so big that a CDC 1604 (then considered 
a 


large-scale 
processor) 
served as its inpuVoutput 
controller. 
In 


principle, 
such 
a multiplier 
at that 
time 
would 
have 
had 
to 


consist of 48 48-bit full adders or "mills," each of which received 
one input 48-bit number from the outputs of the mill immediately 
above it in the array, and the other 48-bit number 
from a gate 


which 
either allowed 
the multiplicand 
to pass through, 
or else 


supplied 
an all-zero 48-bit number. 
Actually, 
these mills have to 


be somewhat 
longer 
than 48 bits. Anyway, 
that is at least 2304 


full adders, and in 1960 a full-adder 
circuit 
normally 
occupied 


one small 
plug-in 
circuit 
card. 


A 
later 
version 
of 
this 
multiplier, 
in 
the 
CDC 
7600 
super- 


computer, 
could 
produce 
one 
48x48 
product 
out 
every 
275 


nanoseconds 
on 
a 
pipelined 
basis. 
The 
pipelining 
was 


asynchronous, 
and the entire humungous 
array of adders and 


gating 
logic could 
have up to three different 
products 
rippling 


down it at a given instant! 


Back 
to the 1980s. Monolithic 
Memories 
has for several 
years 


produced 
an 8x8 Cray multiplier, 
the 67588, as a single 
6OQ-mil 


40-pin 
DIP After we invented 
this part, AMD second-sourced 
it, 
and by now it has become 
an industry 
standard. 
We now also 
have faster 
pin-compatible 
parts, 
the 
54174S558 
and 74S557. 
Like other 
West Coast 
companies 
2,000 miles from 
Wisconsin 


and Minnesota 
where 
Seymour 
Cray does his inventing, 
Mono- 


lithic 
Memories 
previously 
used the term 
"combinatorial 
multi- 
plier" 
instead 
of "Cray 
multiplier" 
for this type of part. However, 
"combinatorial 
multiplier" 
has nine extra 
letters 
and five extra 
syllables, 
and 
also 
inadvertently 
implies 
that 
the 
technique 
involves 
combinatorial 
logic 
rather 
than 
arithmetic 
circuits. 
Some West Coast designs, 
including 
our 67588, use a modified 


internal 
array 
with 
only 
half 
as many 
full-adder 
circuits 
and 


slightly 
different 
interconnections, 
based on the two-bit 
"Booth- 
multiplication" 
algorithm 
(see 
reference 
1), plus 
the 
two-bit 


"Wallace-tree" 
or "carry-save 
adder" technique 
(see references 
2 


and 
3). 
Conceptually, 
however, 
the 
entire 
chip 
or 
system 


continues 
to operate 
as a Cray multiplier. 


The '558, in particular 
can be thought 
of as a static logic network 


which 
fits exactly 
the binary 
multiplication 
example 
of Figure 5. 
(See now why 
I insisted 
on using 8-bit binary 
numbers?) 
There 


are no f1ipflops 
or latches 
whatever 
in the '558 - 
it is a "flow- 


through" 
device. 
Its 40 pins 
are used 
up as follows: 


Input, 
Output, 


or Voltage 


I 
I 
o 
o 


Number 


of Pins 


8 
8 
16 
1 


MUltiplier 
MUltiplicand 
Double-Length 
Product 
Complement 
of 
Most- 
Significant 
Bit of Double- 
Length 
Product 
3-State 
Output 
Enable 
N um ber-I nterpretation- 
Mode 
Control 


Rounding 
Control 
for Product 
Power 
and 
Ground 


The two 
number-interpretation-mode 
control 
pins, one for the 
mUltiplier 
and one for the mUltiplicand, 
allow the format 
for each 
of these two 8-bit input numbers 
to be chosen 
independently, 
as 
follows: 


Control 
Input 


L 
H 


Interpretation 
of 8-blt Input 
Number 


8-bit 
unsigned 
7-bit 
pi us a sign 
bit 


The 
two 
rounding 
control 
pins 
allow 
either 
integer 
(right- 


justified) 
or fractional 
(left-justified) 
interpretation 
of the 14-bits- 
plus-sign 
double-length 
product 
of two 7-bits-plus-sign 
numbers 
for 
internal 
rounding 
of the 
double-length 
result 
to the 
mo~;t 


accurate 
8-bit 
number. 
The 
control 
encoding 
is: 


RS Input 


L 
L 
H 
H 


RU Input 


L 
H 
L 
H 


Effect 


Disable 
Rounding 


Round 
Unsigned 


Round 
Signed 


Nonsense 
(see below) 


Rounding 
is normally 
disabled 
if the entire 
16-bit double-length 


product 
output 
is to 
be used. 
If only 
an 8-bit 
subset 
of this 


product 
is to be used, 
this 
subset 
can 
be either 
bits 
15-8 for 


unsigned 
rounding 
as 
shown 
in 
Figure 
7, 
or 
bits 
14-7 
for 


signed 
rounding 
as shown 
in Figure 
8. In either 
case, a "1" is 


forced 
into the '558's internal 
adder 
network 
at the bit position 


indicated 
by the arrow; 
adding 
a "1" into the bit position 
below 


the 
least-significant 
bit 'of the 
final 
answer 
has the 
effect 
of 


rounding, 
as 
you 
can 
see 
after 
a little 
thought. 
Obviously, 


forcing 
a "1" into both of these adder positions 
at the same time 


is a nonsense 
operation 
for 
most 
applications 
- 
it adds a "3" 


into 
the 
middle 
of the double-length 
result. 


DISCARD 
t 
01 
115 
'C:S1GN 
BIT 
FORCE-ADD 
A "1" HERE 


SIGNIFICANCE: 
MOST 
LEAST 


FORCE·ADD 
A "1" HERE 
_ 
SIGNIFICANCE: 
__ 


MOST 
LEAST 


By now you probably 
have a fairly 
good 
idea of what a '558 is, 
and would 
like a few hints as to how to use it, right? 
First of all, 


there 
is an occasional 
application 
in things 
like video games for 
very fast mUltiplication, 
either 
8x8 or 16x16, controlled 
by an 8- 


bit microprocessor, 
where 
there 
would 
be one '558 per system 
(see reference 
4). More typically, 
however, 
the '558 is a building 


block, 
and several of them 
are used within 
one system; 
in fact, 


maybe 
more than several - 
"many." 
In the usual Silicon-Valley 


jargon, 
we can cascade 
a number 
of '558 (8x8) Cray-multiplier 


chips 
to create 
larger 
Cray 
mUltipliers 
at the systems 
level. 


For 
the 
sake 
of concreteness, 
I'll discuss 
the 
case 
of 56x56 


multipliers, 
which 
are appropriate 
in ,floating-point 
units which 


deal 
with 
"IBM-long-format" 
numbers 
which 
have 
a 
56-bit 


mantissa. 
Any 
computer 
which 
emulates, 
or 
uses 
the 
same 


floating-point 
format 
as, any of the following 
computers 
can use 
such 
a multiplier: 


III 


Data 
General 
Eclipse 
Gould/System 
Engineering 
SEL 32 
Norsk 
Data 
500 (different 
format) 


There 
are 
two 
basic 
approaches: 
serial-parallel, 
and 
fully 


parallel. 
The 
serial-parallel 
approach 
uses 
seven 
'558s, 
and 


requires 
seven full mUltiply-and-add 
cycles. 
On the first cycle, 


the least-significant 
eight 
bits of the multiplier 
are multiplied 
by 
the entire 
mUltiplicand, 
and this partial 
product 
is saved. On the 


second 
cycle, 
the 
next-least 
significant 
eight 
bits 
of 
the 


multiplier 
are mUltiplied 
by the mUltiplicand, 
and that 
product 


(shifted 
eight 
bit 
positions 
to 
the 
left) 
is added 
into 
the first 


partial 
product 
to form the new partial 
product. 
And so forth, for 


five 
more 
cycles. 
It's 
almost 
like 
our 
decimal-multiplication 


e~ample 
of 
Figure 
1, except 
that 
instead 
of base-10 
decimal 


digits 
we 
now 
have base-256 
superdigits. 


~ 


e 
fully-parallel 
approach 
totally 
applies 
Cray's 
usual 
design 


p 
ilosophy 
(sometimes 
characterized 
as "big, fast, and simple") 


a the systems 
level. It uses 49 '558s, in seven ranks; the 'i'th rank 


performs 
an operation 
corresponding 
to that done 
during 
the 


'i'th 
cycle 
in the serial-parallel 
implementation. 
In principle, 
a 


complete 
mill is used to add the outputs 
of one rank of '558s to 
those 
of the rank above 
it. Or, alternatively, 
these mills 
can be 


laid out in a "tree" 
arrangement, 
such 
as: 


ABC 
D 
E 
F 
G 
"'-/ 
"'-/ 
"-/ 


/ 


+-......64-BIT~~/+ 


MILLS 
""" 
/ 


+~~-BI~--?+ 


~.D'T 
•• ~ILL/ 
96-BIT MILL__ 
+ 


Figure 
9. "Tree" 
Summing 
Arrangement 
of Mills 
for 
a 56x56 
Cray 
Multiplier 


Each letter stands 
for one rank of '558s, and each "+" stands for 


a mill 
of 
the 
indicated 
length. 
More 
involved 
"Wallace-tree" 


techniques 
are 
usually 
preferable. 
(See 
reference 
3). 
If the 
least-significant 
half 
of 
the 
double-length 
product 
is never 


needed, 
only 
34 
'S558s 
are 
required. 
There 
is one 
subtlety 


which 
needs to be mentioned. 
If, conceptually, 
a '558 looks like 


a diamond 
- 


LOWER 
HALF 
HALF 


DOUBLE·LENGTHPRODUCT 


then, 
the 
8x56 
multiplier 
tor the 
serial-parallel 
configuration 


(which 
is also 
one 
rank 
of 
the 
fUlly-parallel 
configuration, 


which 
has seven 
such 
ranks) 
looks 
like this: 


64-BIT PARTIAL 
PRODUCT 
Figure 11. 
8x56 
Cray 
Multiplier 
in "Diamond" 
Notation 


As you 
may 
discover 
after 
a moment's 
thought, 
each 
slanted 


double 
line in Figure 
8 calls for addition 
of the outputs 
of two 
'558s 
- 
the 
eight 
most 
significant 
bits 
of one, 
and 
the 
eight 


least-significant 
bits of the next one to the left. There 
must also 
be an extra 
adder 
(or at least a "half adder") 
to propagate 
the 


carries 
from 
this addition 
all the way over to the left end of the 


result. 
The 
upshot 
is that 
an 
extra 
56-bit 
mill 
is needed, 
in 


addition 
to the '558s. The eight 
least-significant 
bits of the least- 


significant 
'558 do not have to go through 
this mill, since they do 
not get added 
to anything 
else. 


One final note: building 
up a large Cray-multiplier 
configuration 
out of '558s requiresalotoffull 
adders, 
orelsea 
lot of something 


else 
equivalent 
to 
them. 
Monolithic 
Memories 
also 
makes 


74S381 
(a 4-bit 
"ALU" 
or 
"Arithmetic 
Logic 
Unit") 
and 
the 


74S182 
(a carry-bypass 
circuit 
which 
works 
well with the '381); 


and two faster 
ALUs, 
the 54174F381 
and the 54174F382 
are in 


design. 
These ALUs and bypasses 
are excellent 
building 
blocks 


from 
which 
to assemble 
the mills 
used for summation 
within 
a 
rank of '558s, and also the mills 
used for tree-summation 
of the 
outputs 
of all ranks. 
For how to put together 
one of these mills 
using 
'381s, '382s, and '1825, see reference 
1. For how to use 


PROMs 
as Wallace 
trees, see reference 
3. 


Now you can go ahead, design 
your Cray mUltiplier 
out of '558s, 


and start 
multiplying 
fUll-length 
numbers 
together 
in a fraction 


of a microsecond. 
Sound 
like fun? 
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Pick the Right 8-Bit - or 16-Bit -Interface 
Part for the Job 


Introduction 
A few years ago, 20-pin 8-bit buffers, registers, latches, and 
transceivers 
came into existence 
as a rather 
haphazard 


upwards evolution 
from the MSI devices available in the 
mid-1970s. As time went on, usage of these parts increased 
until they became one of the fundamental computer-system 
building-block 
"primitives" 
-the 
"glue" 
which 
holds the 
entire system together. System designers demanded, and 
semiconductor 
manufacturers 
provided, many refinements 
such as inverting outputs to reduce parts count in assertive- 
low-bus systems, high-drive 
outputs to rescue designs with 


overloaded buses, Schmitt-trigger 
inputs to likewise rescue 
designs troubled 
with severe bus noise, high-voltage 
out- 


puts specifically 
suited 
for driving 
MOS inputs, 
series- 


resistor outputs for driving highly-capacitive 
loads such as 


dynamic-MOS address buses, and so forth. 
Today the demands are to reduce component 
costs and 
system board area. Reducing parts count achieves both of 
these objectives at one stroke. With the development 
of the 
300-mil 24-pin SKINNYDIP~ 
package, it is now possible to 


effectively 
incorporate 
the equivalent 
of two 20-pin 
8-bit 
interface parts into one 24-pin "16-bit interface" part. The 
approach is to look for common configurations 
of pairs of 


8-bit parts, and implement the pair as a single chip. Common 
configurations 
include back-to-back "registered (or latched) 
transceivers," with the same options already available in the 
20-pin 8-bit parts read back registers or latches, and pipelined 
registers or latches. 


Interface Basics 


Where Do Interface Circuits Fit In? 
Interface circuits 
appear as unglamorous 
bread-and-butter 
commodity 
items, as compared to many of the other more 


complex 
integrated circuits of today: their sales volume is 
very high, their average selling price is comparatively 
low, 
and essentially interchangeable 
parts are offered by several 


suppliers. 
They have the humble role of being the "glue" 
which holds digital systems together; they are means rather 
than ends in themselves. 


When preliminary system block diagrams turn into detailed 
schematics, 
the 
blocks 
turn 
into 
complex 
circuits- 


microprocessors, 
multipliers/dividers, 
automatic 
dynamic- 


MOSRAM refresh controllers, 
high-speed 
FIFOs, program- 


mable-logic circuits, arithmetic-logic 
units, and so forth. But 


then, however. the lines between 
those blocks turn into 


interface circuits, which must be there in the final design but 
never explicitly 
get noticed 
during the conceptual-design 


stage! 


The term "interface" is actually a bit of a misnomer, since it 
implies that these parts always occur at a boundary between 
two somewhat different types of logic. That may have been 
true once, and it is still true that many of the circuits com- 
monly called "interface" 
have inputs and/or outputs which 


are different electrically from those of, say, triple three-input 
NAND gates produced using the identical solid-state-circuit 
technologies. 
But a general working definition 
of "interface 


circuits" also has to cover some other parts which get used 


"INTE~FACE 
CI~CUlTS ... THE 'GLUE' 


WHICH HOLDS DIGITAL S'iSTEMS 
TOGETHE~. 


in similar system roles, but have normal inputs and normal 
totem-pole 
or three-state outputs. One such definition, cur- 


renttodayat 
Monolithic Memories, is 


"... 
ultra-high performance integrated circuits which do not 


lend themselves to higher levels of integration, 
due either to 


their parallel data structure or to the electrical properties of 
their inputs and/or outputs." 


Interface 
circuits 
get used wherever 
data must be held, 


transmitted on demand, power-amplified, 
level-shifted, 
read 


from a noisy bus, inverted, or otherwise 
operated 
upon in 


some simple electrical way. If more complex transformations 
of the data are called for. of a predominantiy 
mathematical 


rather than electrical nature, the designer will typically try to 
perform the required operations with readymade LSI or MSI 
circuits. Even here, of course, interface circuits often have 
the inconspicuous but crucial role of performing format con- 
version so that several LSI circuits can communicate 
with 
each other. Still, 
they are viewed 
as "overhead:' 
which 
system designers try to minimize and semiconductor 
pro- 


ducers often rank well below their top level of corporate 
priorities. 


But interface circuits are here to stay, at least for several 
more years. And the realization is growing among both users 
and producers of semiconductors 
that, since interface parts 


are not about to vanish soon, they need to be treated as 
something 
more than afterthoughts 
to the design process. 


Users who select interface circuits shrewdly are achieving 
real gains in system performance and reliability, and signifi- 
cant reductions in system size, weight, and power consump- 
tion. Producers who do a conscientious and professional job 
of developing and marketing these humble parts are finding 
increased demand for their wares, even during recessions. 


Two major trends currentiy evident in the world of interface 
circuits are: 
• The emergence 
of an orderly, 
matrix-like 
approach 
to 


interface products, so that taken all together they form an 
array rather than simply a splendid Jumble of assorted types. 


• A strong emphasis on Increasing the number of data bits 


which can be handled or accomodated by a single Interface- 
circuit package. 


This paper will discuss each of these trends in some detail, 
and will then go on to present some realistic interface appli- 
cations based on several actual designs. 


What Kinds of Interface Circuits Are There? 


Commonly, the label "interface circuit" is applied to any of a 
diverse 
collection 
of miscellaneous 
devices 
which 
don't 


seem to fit into any other classification 
As the term is used 


here, however, 
it means either 
one of three 
basic 8-bit 


types-buffers, 
latches, and registers-which 
are simple 
interface circuits, or else one of several 16-bit compound 
interface circuit types such as transceivers and pipelines. 


~uffers 
merely "pass" or transmit information 
at increased 


power levels. Most contemporary 
buffer circuits, 
including 


20-pin 8-bit buffers, also have an electronically-selectable 
electrical-isolation 
capability. Such a three-state buffer has a 


~ 


pe 
of output which can be switched 
into a "hi-Z" 
(high- 


i 
pedance) state in which it does not drive, nor appreciably 
I ad, the circuit node to which it is attached. 


True or noninverting 
buffers pass the input information along 


with the same polarity (i.e., conventions 
in the representa- 


tion of ones and zeroes by high and low voltages) that it had 
+hen it was received. Inverting buffers reverse the polarity 
of the input information 
from what was received, comple- 


menting all ones to zeroes and all zeroes to ones. 


Most 
buffers 
feature standard 
PNP inputs. 
However, the 


'SI'LS340/341/344/310 buffers feature 
Schmitt-trigger 
inputs, 
with a guaranteed 300/400-millivolt deadband (typically twice 
that) centered about the switching threshold voltage, (This nota- 
tion 
is shorthand 
for "54174S340, 541748341, 541748344, 
!j4174S310, 
54/74LS340, 
54/74LS341, 
54/74LS344 
and 


54174LS310," and will be used frequently 
hereafter,) These 


Schmitt-trigger 
buffers won't respond to input noise pulses 


which would make buffers with normal inputs start to switch, as 
long as the noise pulses do not completely cross the deadband; 
thus noise immunity is improved, 


~!; 
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.. THE 'LS340/341/344/310 
BUFFE~SFE"TU~E 


SCHMlrr-T~IGGE~ INPUTS,WITH " GU"~"NTEED... 
DE"DB"ND. 


Latches and registers 
have the same basic capability 
as 


buffers, 
but also have the additional 
capability 
that they 


retain stored information 
as long as power is supplied 
to 


them. Each of these circuit types requires an additional con- 
trol signal in order to perform its system function. 


More specifically, latches use an enable signal. When this 
signal is on, they store information, and their outputs do not 
change 
even if the information 
presented 
to their 
inputs 


changes. When their enable signal is off, latches act just like 
buffers. Turning on the enable signal in effect "freezes" in 
place whatever 
information was passing through the latch, 
so that the latch stores it. 


Registers use a clock signal instead of an enable signal. 
When the clock signal goes through a transition from off to 
on, this "rising edge" causes the information 
present at the 


inputs to be stored in the register, and then to remain present 
at the register 
outputs 
until another 
rising edge occurs. 


When the clock 
is in a steady-state 
condition 
(a "level"), 


either on or off, or even when the clock goes through 
a 


transition from on to off (a "falling edge"), the outputs of the 
register do not change. Thus, unlike latches, registers lack a 
mode in which they act exactly like buffers and pass informa- 
tion directly from their inputs to their outputs. This lack is a 
consequence 
of the control 
signal being "edge-sensitive" 


rather than "level-sensitive:' 


Transceivers are bidirectional 
interface circuits capable of 


interconnecting 
two buses so that information 
can pass in 


either direction. 
Most of the transceiver 
parts in production 


today 
are buffer 
transceivers - they are Iike two cross- 


coupled 
buffer circuits 
within 
a single 20-pin 
package. A 


16-bit buffer transceiver has eight A-bus data pins and eight 
B-bus data pins. Either the A-to-B 
buffers may be enabled, 


or the B-to-A buffers, or neither; if both sets of buffers were 
to be enabled, obviously there would be a race condition on 
each of the data lines, and so the control structure of some 
buffer transceivers specifically disallows that mode of opera- 
tion. (Some other types do allow it.) Buffers which are not 
enabled are, of course, in the hi-Z state. Thus each buffer 
transceiver 
interface 
circuit 
consists of eight 
logical ele- 


ments, and each of these logical elements consists of two 
simple-buffer 
elements cross-coupled 
back-to-back 
so that 


the input line for one is the output line for the other and 
conversely. 


Latch transceivers and register transceivers are now positioned 
to become major factors in the marketplace; several semicon- 
ductor houses now offer such devices, In particular, Monolithic 
Memories now supplies several different families of these devi- 
ces in the 24-pin 300-mil SKINNYDIP® package; some of these 
families are also supplied by Texas Instruments. A variety of 
speeds and architectures are available; see section 12 of this 
Databook for details, 


Pipelines are unidirectional 
interface circuits 
having more 


than one full-width 
internal latch/register 
or"stage;' but typi- 


cally having just one set of parallel data inputs and one set of 
parallel data outputs. Two-stage latch pipelines, 
and both 


two-stage 
and four-stage 
register 
pipelines, are available. 


The fou r-stage devices can store twice as much information per 
package, but the two-stage devices can be reconfigured more 
flexibly and have a greater degree of separate control for each 
stage. 
Understanding 
and Using Interface 


How Designers Choose Interface Circuits 


In the real world, a digital-logic 
designer 
doesn't set out 


deliberately 
to use some particular interface circuit whose 


properties he has carefully learned, in the same way that he 
might for instance set out to use a bit-slice registered ALU or 
a multiplier/divider, 
Rather, as we have said, it is much more 


likely that it all starts with some innocent-looking 
little line 


between two blocks on his preliminary system block diagram 
which, 
it turns out, can't really be just a simple little line 


after all. 


Maybe the data which travels on that little line goes away at 
the source unless the little line is actually also capable of 
seizing it at the proper time and remembering 
it. Or maybe 


the end of the little line is an assertive-low system bus, with 
enough loads hanging off it to call for almost 30 milliamps of 
drive capability 
in whatever contemplates 
driving the bus, 


which doesn't quite jibe with the 2-milliamp 
drive capabili- 


ties and assertive-high 
outputs of the MOS LSI device from 


which the data is coming. 


At this point the designer needs an interface circuit, and- 
wittingly or unwittingly- 
he must go through a several-stage 


decision 
process to determine 
what interface 
circuit 
he 


needs to actually implement that little line, before his block 
diagram can turn into a system. He must also fervently hope 
that, by the time he gets to the final twig on his decision tree, 
the interface 
part he needs will turn out to actually exist. 


Figure 1 is an example. 


A top-down design approach, as illustrated in Figure 1, isn't 
always wise with integrated 
circuits, 
simply 
because the 
chances are fairly good that the desperately needed circuit 
actually won't existr1. And there was a time, not all that long 
ago, when only a quasi-random 
subset of all of the obviously 
possible variations of the basic interface parts had reached 
full production 
status, so that they could be bought and 


plugged in. The hapless designer just had to memorize what 
that subset was, and do his design bottom-up from there. 


Today,chaos is giving way to order. and enough of the possi- 
ble interface parts which a designer might want do by now 
exist (or will exist shortly) that the kind of top-down thought 
process portrayed 
in Figure 1 really will work out all right 


when designing with interface. For instance, the line of inter- 
face parts now in production at Monolithic 
Memories is suf- 


ficientlv 
orderlv 
to be orqanizable 
into the matrix of the 


Interface Selection Guide on page 11-3 of this databook. 
Although this Guide is still somewhat irregular, it is at least 
recognizable as first-eousin to a logic-design Karnaugh map, 
and you can actually get your hands on any ofthe interface parts 
in the matrix. 


Figure 1. Interface-Circuit-Selection 
Decision Tree 


The dimensions of variation for interface parts in any such 
Karnaugh map are, of course, two-valued 
"Boolean" 
vari- 


ables. It is realistic 
from both logical and historical 
view- 
points to consider that all of the interface parts of the Inter- 


face Selection 
Guide have been derived 
from a very few 


basic types, by implementing 
those combinations 
which 


make sense of several two-val ued properties 
of interface 


parts. These are: 
• Commercial versus military temperature-range 
operation. 


• High-speed 
Schottky 
(S-TIL) 
or 
low-power 
Schottky 
(LS- TIL) speed/power 
range. 


• 
Noninverting or inverting outputs. 


• 
No memory capabilities 
in the logical elements, so that 


they operate as buffers; or memory 
capabilities 
therein, 


further subdivided 
according 
to whether the logical ele- 


ments operate as latches or registers. 


• Compound 
16-bit interface circuits or simple 8-bit inter- 


face circuits. 


• 
Hi-drive 
or standard levels of current-sinking 
capability 
(loL) at the outputs. 


• Schmitt-trigger 
or standard inputs. 


• 
For non-three-state 
parts, master-reset 
or clock-enable 
control inputs. 


• Series-resistor 
or standard outputs. 


Obviously, 
not all imaginable 
combinations 
of the above 


properties actually exist as parts, or would even be useful if 
they did; and semiconductor 
houses cannot afford for long 


to offer 2n interface-circuit 
part types for rapidly increasing 


n. Moreover, certain of the properties which in the past havehad 
justtwo possible major choices (e.g.,S-TTL and LS-TTL) today 
have more than two; for instance, Section 12 of this Databook 
includes some CMOS parts. 


Nevertheless, 
by now the matrix approach has been fully- 
enough implemented 
to offer a very helpful perspective 
to 
the working designer. 


Part numbers today allow some of the properties of interface 
circuits to be directly 
inferred, at least if the part number 
follows the conventions 
of the industry-standard 
"54/74" 


numbering series. 54/74 part numbers have a well-defined 
format VVE4Txxxp, with the following interpretation: 


• VV - 
a prefix which variessomewhat from vendor to vendor. 


• 
E4 - 
a temperature-range 
environmental 
specification. 
"54" implies the military temperature range (-55°C 
to +1250C), and "74" the commercial 
temiJerature 


range (aOCto + 7aoC for several vendors, and aoc 
to + 75°C for Monolithic 
Memories). 
In any case, 


interface circuits must run properly over a very wide 
temperature range. 


• T 
- 
a solid-state-circuit 
technology. Upwards of a dozen 


of these have been promoted, with widely varying 
success, during the last decade. The earliest one, 
plain old gold-doped TTL, omitted using any special 
letter 
in part numbers. 
Today, the two dominant 


technologies 
are "S" (high-speed 
Schottky) 
and 
"LS" (Low-power Schottky). Others becoming quite 
important include "F" (for "FAST," a lower-power form 
of high-speed Schottky); "ALS" (advanced low-power 
Schottky); and "SC," "HCT" and "ACT" (isoplanar 
CMOS 
processed 
to 
be fully 
TTL-voltage-Ievel 


compatible). 


• xxx - a two-digit. three-digit, 
and today sometimes even 


four-digit 
number which uniquely specifies the pin- 
out of the part and its "functional behavior" (see the 
explanation which follows), independent 
of speed/ 


power range. 


Pick the Right a-Bit or 16-Bit Interface for the Job 


Figure 2, Pinouts for the Three Basic 20-Pin Interface Parts 


• 
P 
_ a package type: plastic, cerdip, flatpack, leadless 
All of the buffers have the same pinout as the 'S240. They 
chip carrier, sidebrazed 
ceramic, small-outline 
differ in speed/power range, in the polarity of the outputs, in 
surface-mount, or whatever. 
the noise-rejection 
capabilities 
of the inputs (Schmitt- 
trigger or standard), and in enable structure (complementary 


lIhe 
functional 
behavior 
of a circuit can be defined some- 
or assertive-low) 
as shown in Figure 3, which really 
is 
what circularly as"what a designer needs to know about the 
unequivocally a Karnaugh map. 


circuit in order to construct designs which operate properly 
using parts from any supplier interchangeably:' This defini- 
tion is akin to one classic definition of computer architecture 
as "",the 
structure of the computer a programmer needs to 


know in order to be able to write any program that will cor- 
rectly run on the computer."r2 
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Two parts produced using different solid-state-circuit tech- 
nologies may exhibit essentially the same functional behav- 
ior. If that is the case, and if either part will also satisfy system 
timing constraints (which is an issue quite separate from that 
of "functional behavior") and input/output voltage compati- 
bility constraints, the designer does not need to care what 
kind of internal gates are used within the part-Schottky 
TTL, ECL, CMOS, NMOS, or water wheels. On the other 
hand, two parts produced using the same technology may 
have subtle, or even drastic, differences in their functional 
behavior; for example, one may have inverting outputs, or 
hi-drive outputs, or Schmitt-trigger inputs whereas the other 
does not. 


The Matrix of Interface PartTypes 


The interface parts of the Interface Selection Guide mostly have 
ore of just three different pinouts, shown in Figure 2, in their 
usual20-pin plastic or cerdip SKINNYDIPform. 
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Most of the latches and registers havethe same pinout as the 
'S374. They differ in whether the memory control line is 
level-sens"itive 
(latch) 
or edge-sensitive 
(register), 
in 
speed/power range, in the polarity of the outputs, and in the 


IOL (current-sinking drive) capability of the outputs as shown 
in the Karnaugh map of Figure 4. 


sm 
( 


,sm 
( 


'8533 
'8373 
'8374 
'8534 


'8535 
'8531 
'8532 
'8536 


-- 
-- 
-- 
-- 


'L8533 
'L8373 
'L8374 
'L8534 


} 


USUAL 
120-mA) 


OUTPUTS 
l 


HI·DRIVE 
(32·m"} 
OUTPUTS 


} 


USUAL 
(24-mA) 


OUTPUTS 
----- 
NON·INVERTING 
INVERTING 


OUTPUTS 
OUTPUTS 


Pick the Right a-Bit or 16-Bit 
Interface for the Job 


The three transceivers of the Interface Selection Guide are 
more specifically 
buffer 
transceivers-compound 
16-bit 


interface circuits like two 8-bit buffer circuits cross-coupled 
"back-to-back" 
within a single device, They differ in input- 
current 
and output-leakage-current 
specifications, 
which 


here are indistinguishable 
for test purposes since every data 
pin is both an input and an output; the 'LS245 specification 
is tighter, (The 'LS245-1 is also specified as faster, but that is 
not a difference 
in "functional 
behavior:') There is also a 


difference 
in IOL capability; 
the 'LS645-1 
is specified 
as 
higher, Actually, all three devices undergo identical fabrica- 
tion, and are separated only at final testing; for instance, 
those 'LS645s capable of meeting the 48-mA 
IOL specifi- 


cation in both directions drop into a separate bin, 
Upcoming developments in interface parts will tend in many 
cases to follow the matrix approach, at least partially. Even 
where the new parts do not fit perfectly 
into the matrix of 


existing parts, some attention is likely to be paid to issues of 
balance 
and symmetry 
over the entire 
interface-circuit 


product line,t 
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In some cases, new interface parts directly "fill in the holes" in 
the matrix_ For instance, some recent additions to Monolithic 
Memories' line of interface parts are: 
Speed/ 


Function 
Power 
Polarity 


Register 
S 
Noninv, 


Feature 


Master 
Reset 


Clock 
Enable 
SN54/74S377 
SN54/74S383@ 


SN54/74S734* 


Part Number 


SN54/74S273 


Noninv, 
Series 
Output 
Resistor 


Noninv, 
Series 
Output 
Resistor 


Series 
Output 
Resistor 


Series 
Output 
Resistor 


NOTES: 
@- The 'S383 differs from the 'S377 only in hav- 


ing open-collector 
outputs rather than totem- 


pole outputs, 


*- The 'S734 is a direct replacement 
for AMD's 


Am2966, 
11- The 'S730 is a direct replacement 
for AMD's 
Am2965, 
Table 1. Recent Additions to the Monolithic Memories Inter- 


face-Part- Type Matrix 


, , THE 'S273 AND 'S377, 


I.IKE THEI~ 1.5-TTI. COUNTE~- 
PA~TS, A~E DESIGNED WITH 
STANDA~P TTI. 'TOTEM-POl.E' 
OUTPUTS" 
" 


The 'S273 and 'S377 bring to higher-performance 
TIL sys- 


tems the same functional 
behavior 
which 
has long been 
available for medium-performance 
TTL systems, with the 


popular 'LS273 and 'LS377 parts, The 'S273 and 'S377, like 
their LS-TTL counterparts, 
are designed with standard TIL 
"totem-pole" 
outputs, Somehow, in the somewhat more cha- 


otic early days of 8-bit interface, the need for high-speed 
Schottky 
versions of these parts got overlooked 
by most 


interface producers, 


Since the 'S273 and 'S377 are totem-pole-output 
parts, the 


control pin which gets used on the 'S374 (whose pinout they 
otherwise 
follow) for "Output 
Enable" for the three-state 


outputs is available for something else, The 'S273 uses it as 
a "Master 
Reset" (fiifTi) input, capable of forcing 
all of the 


eight D-type flipflops 
on the chip into the off (low) state 


simultaneously, regardless of their previous state-or 
of the 


state of the clock line and/or the data-input lines, The 'S377, 
on the other hand, uses that same pin as a "Clock Enable" 
(Cl<El'J) i1:!put,which in effect either allows the clock signal 
to reach the eight D-type flipflops on the chip, or else cuts it 
off ,from reaching the flipflops so that they are not clocked 
and just sit there holding whatever information they contained 
previously, The '8383 is a slight modification 
of the '8377 to 


provide open-collector rather than totem-pole outputs, 


The major applications for these parts are in situations where 
'S374s would be difficult to control appropriately, 
Because 


of the 'S273's 1iiff1 input, its forte is control applications- 
instruction 
registers, 
microinstruction 
registers, 
timing- 


pulse 
registers, 
and sequential 
circuits 
in general, 
and 


sometimes 
as eight 
individual 
separate 
D-type 
control 
flipflops 
in one package, In all of these applications, 
there 


has to be a way to force the system into some proper initial 
state, so that it "starts off on the right foot" and does not get 
into some unplanned-for, untestable, unpredictable machine- 
psycho condition 
on power-up, 
The 'S377, on the other 


hand, because of its eK"El\I 
input, is the optimum choice for 


the 
highest-performance 
TTL pipeline 
paths 
for data, 


instructions, 
microinstructions, 
and address 
parameters 


in "overlapped-architecture" 
machines such as array pro- 


cessors and high-performance 
minicomputers, 
Its open- 


collector counterpart, the 'S383, can be used to drive open- 
collector buses or to provide wired-OR or wired-AND 
logic 


functions, 
The 'S700, '8730, '8731, and 'S734 feature a new type of 
output stage incorporating 
a series resistor, designed to effi- 


ciently 
drive 
highly-capacitative 
loads such as arrays of 


dynamic-MOSRAM 
inputs, 
Rise and fall times are more 


Pick the Right a-Bit or 16-Bit 
Interface 
for the Job 


symmetric than with 'S240-type 
buffers. and the latter need 
an external series limiting resistor for their own protection 
when driving highly capacitative loads. 


Consequently, 
although 
'S240-type 
buffers 
may exhibit 
greater speed when tested under light loading conditions. 
'S730-type 
buffers are likely to perform better under realis- 
tic system conditions when driving large distributed 
capaci- 
t~tive loads is a major factor in the application. 


Of these four new buffers, two-the 
'S730 and 'S734-are 


second-source 
versions 
of the 
Am2965 
and Am2966 
respectively, 
originally 
introduced 
by AMD. 
The other 
two-the 
'S700 and 'S731-are 
complementary-enable 
ver- 
~ions of the 'S730 and 'S734 respectively, just as the 'S210 
and 'S241 are complementary-enable 
versions of the 'S240 
and 'S244 
respectively. 
Complementary-enable 
buffers 
excel 
in driving 
buses with two multiplexed 
sources 
for 
tre 
information. 
such as instruction 
addresses 
and data 


~ddresses in a bit-slice bipolar microcomputer 
system. 


The four 'S730-type parts may be grouped with Monolithic 
Memories'lineofconventional 
and Schmitt-trigger-input buffers 
ir a 2x2 matrix chart or Karnaugh map, with the dimensions of 
this map chosen to be the polarity of the second-buffer-group 
Jnable input E2 (here across the top) and the polarity of the 
data-buffer logical elements themselves (here down the side), 
thus: 


Polarity of E2* 


E2 
E2 
'LS240 
'LS210 


'LS340 
'LS310 
Inverting 
'S240 
'S210 


'S340 
'S310 
Polarity 
'S730 
'S700 
of Data 
'LS244 
'LS241 
Buffers 
'LS344 
'LS341 
Noninverting 
'S244 
'S241 


'S344 
'S341 


'S734 
'S731 


* Since E1 is assertive-low 
for all of these parts, the parts with an assertive-low 
E2 are "assertive-low-enable" 
parts. whereas the parts with an assertiv8- 
high E2 are "complementary-enable" 
parts. 


Table 2. 8-Bit Buffers Grouped by Polarity and Enable Struc- 
ture 
By this time, 
many presently-unused 
SN54/74xxx 
part 
numbers have already been reserved for other potential new 
parts, even though not all of these parts are yet in produc- 
tion. Nevertheless, 
it was at least possible to part-number 
these four series-output-resistor 
buffers in such a way that 


the relationship among the four types remains the same as 
for 'S240-type buffers. To state this another way, one can add 
490 to the last three digits of the usual buffer part number to 
get the part number for the corresponding 
series-output- 


resistor part, e.g., 'S241 + 490 = 'S731, etc. 


Directions In The Evolution of Interface 
Parts 


More Bits per Package 


Historically, the first interface parts were 16-pin TIL devices 
offered during the early 1970s, usually with four or six "log i- 


cal elements" per package. One "logical element" 
handles 
one data bit; in simple interface parts, a logical element may 
be a buffer. a latch, or a register (with "register" 
here imply- 
ing an edge-triggered 
flipflop). 


As the digital-electronics 
industry shifted from MSI to LSI 
integrated 
circuits, and from the quaint and irregular 
old- 
time computer word lengths to word lengths which are mul- 
tiples of eight bits (most often 8, 16. or 32), 8-bit interface 
devices became the only way to go for simple electrical data 
transformations-chip 
counts got intolerably 
high with 4-bit 
devices, and 6-bit devices were awkward misfits in most of 
the newer designsr3 And, to have eight input data lines, eight 
output data lines, power and ground, and two control signals, 
an integrated-circuit 
package has to have 20 pins. 


To conserve board space, the width of this 20-pin package 
was chosen to be 300 mils (.300") like that of the overwhelm- 
ing majority 
of the then-existing 
bipolar 
MSI and SSI 
devices. 
Hence, 
during 
the 
1970s, the 
present 
20-pin 
300-mil 
SKINNYDIP 
package 
became 
the 
standard 
for 
interface circuits. 
One 20-pin 
SKINNYDIP 
takes up only 
about half as much board space as one of the older 600-mil 
24-pin packages, which were then being used for a few early 
8-bit interface parts such as the Intel 8212. 
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" ... ONE 20-PIN SKINN~DIP'" TAKES UP ONL~ ABOUT 
HALF AS MUCH BOA~D SPACE AS ONE OF THE OLDE~ 
600-MIL 
24-PIN PACKAGES. 
•. 


24-pin interface parts were obviously the next major develop- 
ment to come. In the early 1980s,mechanical packaging prob- 
lems which previously had inhibited the introduction of a 24-pin 
300-mil SKINNYDIP were solved, and this package is now also 
in widespread use for PROMs, PAL programmable-logic 
cir- 
cuits, and so forth. So what might one do with four additonal 
pins in an interface part? 


One answer is to spend all four of them for additional control 
signals in order to achieve more flexible parts, such as the 
Monolithic 
Memories 
SN54/74LS380 
"multifunction" 
8-bit 
register. (See page 6-16 of this databook.) This part is actually 
implemented with "hard-array logic" technology, and has an 
internal structure like one form of PAL. 
Another answer is to spend all four of them for additional 
data signals, equally for inputs and outputs. The result is 
10-bit 
interface 
parts with functionality 
similar 
to that of 
existing 20-pin 8-bit parts. 


A middle-of-the-road 
answer 
is to divide 
them 
equally 


between 
control 
signals and data signals. This approach 
leads to 9-bit interface parts with improved functionality. 


16-bit 
"double-density" 
interface-circuits 
- 
dual 
8-bit 
circuits 
in a single 24-pin SKINNYDIP - 
are a more far- 
reaching answer than the preceding ones. These circuits use 
the four extra pins to provide separate control inputs for both 
8-bit internal groups, and also to provide improved function- 
ality. The number of data pins is held at 16 by multiplexing 
the use of two 8-bit groups of input and/or output pins. 


Pick the Right a-Bit or 16-Bit 
Interface for the Job 


The motivation for 16-bit interface parts is, first of all, to cut 
component 
counts by replacing 
two parts with one in as 


many situations as possible, in order to save board space 
and assembly costs. Particularly in high-performance 
com- 
puters and array processors, the packaging itself is expen- 
sive when it must be designed to provide a proper signal- 
transmission environment for ultra-fast logic. An almost-50% 
cut in the board area required for the interface parts-here, 
as always, 
the 
"glue" 
which 
holds 
the 
whole 
system 


together-may 
result in major indirect savings. 


But there are other incentives besides sheer cost reduction 
which favor cramming as much logic as possible into a given 
board area. There usually is only one board size in a chassis 
(or even in a system), and any logic subsystem which cannot 
fit onto one such board immediately 
incurs a speed penalty 


attributable 
to board-to-board 
communications - extra buff- 
ers for noise-free 
signal transmission, 
extra signal-path 
length on each board over to the edge where the connectors 
are, more extra length in the backplane wiring, and lots of 
additional inductance and capacitance permeating all of the 
above. 


So, saving board area is very likely to improve both system 
cost and system performance, 
by increasing the probability 


that a given logic subsystem will fit onto just one board. 


Interface-part internal element density has for many years 
been increasing at a rate which is, to say the least, unspec- 
tacular. Going from four to six to eight to sixteen 
logical 


elements in an interface-circuit 
package doesn't seem like a 


whole lot, compared for instance to going from 1K to 4K to 
16K to 64K to 256K bits in a single 
dynamic-MOSRAM 


package in roughly the same number of years. 


But, consider what a true LSI interface circuit would have to 
look like-one 
with the same magnitude of "equivalent gate 


count" 
being 
bandied about for today's microprocessors, 
dynamic MOSRAMs, and so forth. First of all, it would need 
to have several hundred data inputs and several hundred 
data outputs, 
so that 
the 
most 
immediately-plausible 


mechanical 
design 
for a package would 
resemble 
a sea 


urchin! And, if it were implemented 
using any present-day 
TIL 
technology, 
the part would dissipate enough watts to 


need cooling fins like a Porsche cylinder head! 


And so it has turned out that progress over time in increasing 
the logical-element 
density 
for interface 
parts has been 


more or less linear, while progress in increasing the level of 
integration 
for microprocessors 
and dynamic 
MOSRAMs 


has been more or less exponential. 
It is no accident that a 


basic phrase of the definition 
for "interface circuits" qljoted 


earlier in this paper is "... 
which 
do not lend themslves 
to 
higher 
levels of integration 
.. 
," If these same density trends 


continue, digital electronic 
systems of the future may actu- 


ally have a higher proportion of packages allocated to inter- 
face circuits than is typical today, which if it happens is likely 
to surprise quite a few people. 


Structure 
of 16-8it 
Interface 
Circuits 


Common configurations of two 8-bit interface parts used 
together furnish a natural starting point for the definition 
of 
useful 16-bit interface parts. When the same configuration 
tends to occur over and over again, it is natural to "draw a 
boundary 
around it and put it all on one chip:' unless of 
course the resulting compound 
chip turns out to need too 


many pins. 


Figure 5 illustrates three such two-part configurations 
which 
are observably very common, and intuitively very plausible: 


• "Back-to-back" 
or "cross-coupled:' 
(Figure 5A). 


• "Nose-to-tail" 
or "pipelined:' (Figure 5B.) 


• "Side-by-side" 
or "parallel:' (Figure 5C.) 


8 


8 
8 


8 


8 
8 


8 
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The back-to-back 
configuration, 
when applied 
to simple 


8-bit buffers, leads to buffer transceivers such as the 'LS245. 
The 'LS245 is, of course, still a 20-pin part; the choice was 
made to change its enable structure from that which would 
be strictly implied by placing two 'LS244s back-to-back, 
in 


order to hold the package size to 20 pins and to disallow 
having both directions simultaneously 
enabled. These same 


statements continue 
to hold for the 'LS645 and 'LS645-1. 


The 'LS640 and 'LS640-1 are inverting buffer transceivers, 
and the 'LS643 and 'LS643-1 incorporate an 8-bit inverting 
buffer back-to-back 
with an 8-bit noninverting 
buffer; there 


are also open-collector 
equivalents 
to these parts and the 


'LS645 and 'LS645-1. The entire series features the same 


Figure 6. Two-Stage Pipeline Register Configuration 


Applied 
to 'LS373 
latches 
and 'LS374 
registers, 
the 
back-to-back configuration leads to the 24-pin 'LS547 latch 
transceiver and the 'LS546 register transceiver respectively. 
These parts are just what one would expect them to be, with 
Individual output-enable and clock control inputs for each 
8-bit group, except that there are enough pms to also give 
each group clock-enable control inputs like the 'S377. The 
'LS567 and 'LS566 are the corresponding inverting parts. 


~he nose-to-tail 
and side-by-side 
configurations 
do not lead 


to anything very interesting with buffers. at least as long as 
there are only enough pins for one 8-bit input data path and 
one 8-bit output data path. Latches and registers, however, 
~re entirely another matter. It turns out to be attractive to 
combine 
these two configurations, 
even though at first 


glance they look quite dissimilar, into a single "two-stage 
pipeline" configuration as shown in Figure 6. Such a two- 
stage pipeline can operate in either a nose-to-tail mode or a 
~ide-by-side mode, according to the setting of the two inter- 
nal multiplexers 
shown in Figure 6. Applied 
to 'LS373 


latches and 'LS374 registers, this more powerful configura- 
tion leads to the 24-pin 'LS549 latch pipeline and the 'LS548 
register pipeline. For these parts, the control inputs are a 
final-stage output enable. selects for each mux, a common 
clock (or latch-enable for the 'LS549) input for both stages, 
and individual clock-enable inputs for each stage. 


To clarify the timing control of these parts, the 16-bit register 
parts ('LS546, 'LS566, and 'LS548J have individual clock- 
enable signals for each 8-bit group, and either individual 
clock signals ('LS546 and 'LS5661or a common clock signal 
('LS5481.The 16-bit latch parts ('LS547, 'LS567, and 'LS549), 
since the "clock" signal turns into a level-sensitive latch- 
enable signal, 
have two independent 
ways of enabling 


storage in each of the two stages. Thus. the 'LS547 and 
'LS567parts feature two separate and equivalent latch-enable 
control inputs for each 8-bit group, either one of which can 
cause the group to "latch up" and store information. The 
'LS549 part has the same operating mode, except that each 
8-bit group has one separate latch-enable control input and 
there is one more latch-enable input common to both groups. 
Read-back latches and registers ('LS793and 'LS794)also have 
a back-to-back structure; but their "return" element is a buffer 
(resembling,say,a '244),ratherthan another latch or register. 


Aswith otherTTL 8-bit latchesand registers,thepart-numbering 
schemefor all of the partsjust mentionedassignsodd numbers 
to latchesand even numbersto registers. 


Front-loading 
latches are one other type of 16-bit interface 


part. The 'LS646 (noninverting) is to a first approximation an 
'LS645 superimposed 
upon an 'LS546. (The numbering 
scheme wasn't planned to be that cute-it 
just happened.) 
The 'LS648 is a similar inverting 
part. To clarify what is 


"I~"U~:;,wlm a parallellea DUTTerand lIIptlop pomtmg in the 
A-to-B direction and a similar buffer-flipflop pair pointing in 
the B-to-A direction. The 'LS646 and 'LS648 are three-state 
parts: the 'LS647 and 'LS649 are respectively the equivalent 
open-collector parts. The 'LS651 (inverting) and the 'LS652 
(noninverting) are equivalentto the 'LS648and 'LS646respec- 
tively, but havea different control structure which allows inde- 
pendent enabling of either direction; the 'LS653and 'LS654are 
versions of the 'LS651 and 'LS652 respectively in which the 
A-direction output buffers are open-collector, and the B- 
direction buffers are still three-state. 


32-bit interface parts are also visible on the horizon. Two 
four-stage 
pipelines, 
the Am29520 
and Am29521, 
are 
offered by AMD as members of a series of signal-processing 
parts,and Monolithic Memories is introducing them also asthe 
'S720and 'S721.As compared to the 'LS548and 'LS549,they 
offer twice as many stored bits per square inch of board, but 
considerably lessflexibility inaccessingandcontrolling register 
contents. 
The matrix approach to classifying various interface parts 
can be extended to encompass transceivers and pipelines, 
as is done in Table3. The correspondence between the vari- 
ous 8-bit simple-interface 
parts and the 16-bit compound 


interface parts which are in a sense derived from them, is 
summarized in Table4. 


Front- 
Configu- 
Loading 
ration 
Buffers 
Latches 
Registers 
Latches 
Simple 
'210 '310 
'373 '531 
'374 '532 
'240 '340 
'533 '535 
'534 '536 


'241 '341 
'244 '344 


Back-to- 
'245 
'547 
'546 
'646 '647 


Back 
'640 '640-1 
'567 
'566 
'648 '649 


'643 '643-1 
'651 '652 


'645 '645-1 
'653 '654 


Two-Stage 
'549 
'548 


Pipeline 


Table 3. Matrix Classification Scheme for 8-Bit and 16-Bit 
Interface Parts 


Simple 
Compound 
Number 
Interface 
Interface 
Of 
Regis- 


Type 
Type 
Pins 
Buffer 
Latch 
ter 


Transceivers: 
'244 
'245 '645 
20 
X 


'645-1 


'240 
'640 
20 
X 
'640-1 


'240/'244 
'643 
20 
X 
'643-1 


'373 
'547 
24 
X 
'374 
'546 
24 
X 
'533 
'567 
24 
X 
'534 
'566 
24 
X 


Pipelines: 
'373 
'549 
24 
X 


'374 
'548 
24 
X 


Table 4. Equivalences 
Between 
Simple and Compound 
Interface Types 


Pick the Right a-Bit 
or 16-Bit 
Interface 
for the Job 


Various Applications of Interface Parts 
Some Logic-Design Examples 


Several 
illustrative 
designs 
using various interface parts may 
suggest some design insights and some creative ways to use 
interface. 
The designs 
presented 
have generally 
been 


excerpted from actual digital systems. 


Reading 
a switch 
setting 
to establish an externally-defined 


system parameter, such as a device address, is a mundane 
but essential task in many microprocessor-based systems. 
Figure 7 illustrates how a group of eight switches may con- 
veniently 
be read using a byte-wide 
buller such as the 


'LS244. Since the switches must be electrically 
isolated 


from the bus, the 'LS244's three-state outputs are disabled 
by control signals originated by the microprocessor until the 
time comes to read in the switch settings. Because the 
'LS244 can supply up to 24 milliamps of IOL to drive the bus, 
this simple scheme can be utilized even on heavily-loaded 
system data buses. 


If still more drive capability is needed, an 'S244 in the same 
configuration can sink up to 64 milliamps, And, if the system 
is to be operated in an industrial environment and the switch 
signals entering 
the buller 
inputs are subject to severe 


noise, the Schmitt-trigger 'LS344 type of buller can also be 
substituted for the 'LS224 with no other change to the cir- 
cuit. 


vcc 
Vcc 
Vcc 
Vcc 


vcc 
Vcc 
Vcc 
Vcc 


8~BIT 
DATA 
BUS 


Figure 7. SWitch-Setting Readin Circuit 


Interfacing 
two separate 
buses is a very standard application 
for transceivers. Figure 8 shows an 'LS245, which hasa con- 
trol structure such that one control signal selects the direc- 
tion of data transfer and the other one independently allows 
data transfer to be enabled 
or disabled, 
Thus, the two buses 
can be operated totally isolated from each other, or else 
either one may be made to follow the other. Depending on 
the drive-capability and polarity requirements of the applica- 
tion, any of the other buller transceivers might be used here 
instead. Or, if memory as well as cross-coupling is required, 
a latch transceiver or register transceiver might also be used 
in a similar manner. 


Driving 
a dynamic-MOSRAM 
address 
bus with a multiplexed 


row/column 
address can conveniently be done with an 'S700 
asshown in Figure9.This part is an inverting complementary- 
enable buffer with a series-resistor output structure, which is 
an ideal combination of characteristics here. 
First of all. a TTL inverting buller normally has one less 
transistor - 
and hence one less delay - 
in its internal data 
path than does an equivalent noninverting buller, and hence 
ISfaster. And dynamic MOSRAMs really don't care if their 
addressescome in "true" or "complemented" form as long as 
that form never changes. 


Second, a complementary-enable buller can easily multiplex 
two dillerent address sources to the same set of outputs 
without 
introducing 
extra SWitching delay, or allowing 
a 


momentary "bus fight" condition, if the same control signal 
Ihere~AS 
or "Column Address Strobe") is tied directly to 


both E1 and E2 and the two 4-bit groups of outputs are tied 
together. 
Finally, because of the internal series resistor in the'S700's 
output structure, this part (like the 'S730/1/4 J can drive highly 
capacitative loads, of say up to 70dynamic-MOSRAM inputs, 
without the need for external limiting resistors to control 
undershoot, resulting in a net system speed gain since signal 
rising andfalling transition times remainsymmetric. Otherwise, 
the ellective logic delay of the buller (which is simply the 


SYSTEM 
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A TO 
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Figure 9. Multiplexed Row/Column Address Drivers 


worse of the two transition timesl would get degraded, since 
the use of an external series resistor would have greatly 
lengthened the low-to-high transition time. 


Demultiplexing 
and 
holding 
address 
and 
data 
words 
for 
single-bus 
microprocessors 
is an application which takes 


advantage of the strong points of the 'S531 as shown in 
Figure 10. Since the 'S531 is a "transparent latch" and can 
operate as a buller when necessary, the memory system 
designer can take advantage of the full time slots when the 
address and data signals are present on the microprocessor 
outputs. Because the address and data signals are then 
present for a longer period of time at the 'S531 outputs, it 
may be possible to use slower (and therefore less expen- 
sivel) memory devices than if edge-triggered registers had 
been used here instead. The three-state 
outputs of the 


'S531 allow the designer to implement bidirectional data 
buses and DMA address 
schemes. 
Variations 
on this 


approach can use 'S373s if lessdrive capability is needed, or 
'LS373s if less speed is needed aswell; or 'S535s, 'S533s, or 
'LS533s under the same respective circumstances if the 
address and data buses to be driven are assertive-low 


Pick the Right a-Bit or 16-Bit 
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Figure 
10_ Address/Data 
Demultiplexer 
for Single-Bus 
Microprocessors 


according to the system definition. 
If the data-bus interface 


needs to have latching capability also for data returning to 
the microprocessor, then 'LS547s are an excellent choice. 


Synchronizing 
the state changes of a PROM-based control 


sequencer 
is easily 
performed 
using 
a register 
with 
a 


clock-enable 
feature, like the 'LS377 shown in Figure 11. In 


this simple sequencer, a 4-bit 
counter 
steps through 
the 


PROM addresses. 
The counter 
may be reset to address 


סס OO, or loaded with any 4-bit address. The 32 x 8 PROM, 
with five address lines, allows for one external input as well 
as the four bits from the counter. The PROM outputs are 
pipelined using the 'LS377, which eliminates PROM output 
glitches, synchronizes 
the state changes of the sequencer 


with the system clock, and speeds up the effective 
cycle 


time. The availability 
of enable control 
inputs on both the 


counter and the 'LS377 allows forcing "wait" states, where 
both the counter and the register hold their current state for 
extended periods of time. If a higher-speed 
implementation 


of this design is needed, a 74S161 or 93S16 counter can 
replace 
the 74LS161, one of Monolithic 
Memories' 
new 


63S081A ultra-speed 32x8 PROMs (15 nsec worst-case and 
9 nsec typical for tAA, instead of 50 and 37 nsec respectively) 
can replace the 6331-1,and an '8377 can replace the 'L8377. 


Saving Designs at the Last Minute, or Planning Ahead 
Designs hanging 
out over the edge of unworkability 
can 


sometimes 
be salvaged 
without 
any redesign 
effort, 
by 


replacing 
standard 
interface 
parts with hi-drive, 
Schmitt- 


trigger-input, 
or even just inverting 
pin-compatible 
parts. 
Hi-drive 
parts such as the 'S532 or 'LS645-1 get dropped 


into 'S374 or 'LS645 sockets respectively late in the design 
cycle, when the designer suddenly 
discovers that he has 
hung several 
too many inputs on his main system 
bus. 


Schmitt-trigger-input 
parts such as the 'LS341 likewise get 


dropped into 'LS241 sockets shortly after the designer has 
recovered from his first observation of his actual bus wave- 
forms on a good laboratory oscilloscope - it's that or back to 
the old drawing board. And, when he suddenly remembers 
after laying out a tightly packed board that "Oh, xxxx, that 
particular bus is assertive-low," it's nice to be able to simply 
substitute an 'S534 for an 'S374 in a few places rather than 
having to find room for several 
inverter 
packages. 
So a 


designer who has learned to think of interface parts in terms 
of the matrix approach will now and then find a particularly 
quick route to saving his skin. 
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Figure 11. Synchronous PROM-Based Control Sequencer 


However, an astute designer 
may use hi-drive, 
Schmitt- 
trigger-input, 
and inverting parts quite deliberately 
in order 


to gain speed, economy, drive capability, or noise immunity. 
A number of the industry-standard 
buses in the microcom- 


puter world are assertive-low: and inverting buffers, latches, 
and registers 
are much more appropriate 
for connecting 


these to a microprocessor, or to a bit-slice 
arithmetic 
unit, 


than non-inverting 
parts with extra inverters in series just to 


make the polarity come out right. Similarly, Schmitt-trigger 
hex inverters whose only function in the data path is to pro- 
vide noise immunity can be eliminated by using 'LS340-type 
buffers, which also provide significant 
drive capability 
and 


three-state outputs. The need to parallel three-state 
drivers 


and registers and split drive lines, just for extra drive capabil- 
ity, can be reduced or eliminated 
by using hi-drive 
parts. 


And, in an obvious 
but not trivial 
switch, 
substituting 
a 


high-speed 
Schottky part for a low-power Schottky equiva- 
lent part can beef up drive capability considerably. 


Figure 12. Flat-Cable Transmission Scheme Using Hi-Drive 
and Schmitt- Trigger-Input 
Interface Parts 


Board-to-board 
signal transmission via flat cable is a particu- 


larly nice application for both hi-drive and Schmitt-trigger- 
input interface 
parts. The 32-milliamp 
outputs 
of, say, an 


'5532 are better matched to the characteristic 
impedance of 


flat cable (usually 100 to 120 ohms) than 20-milliamp 
outputs 


would 
be. An adequate 
scheme, 
in many cases, for the 


Pick the Right a-Bit 
or 16-Bit 
Interface 
for the Job 


transmission of data from board to board uses 3M or similar 
flat cable. Every second cable wire is grounded at both ends 
for shielding, so that signal wires alternate with ground wires 
("signal-ground-signal-ground"), 
and there is at least one 
ground wite at each edge of the cable. Signal wires are 
driven 
by 32-mA 
hi-drive 
latches 
or registers, 
and the 
receivers 
~re Schmitt-trigger-input 
buffers, and that's all 


there ISto It-no 
reSistors, capacitors, or black magic. For a 
strobe, clock, or control signal, a linear receiver such as a 
National 
Semiconductor 
8837 
is used together 
with 
a 
180-ohm series resistor and a 3300-ohm 
shunt resistor to 
Vee,as shown in Figure 12. This overall scheme is compatible 
with some Digital Equipment Corporation buses, and is good 
for transmission distances of up to 25 feet. 


<0 
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Conclusion 


Interface 
parts seem primitive 
alongside of LSI micropro- 
cessors and dynamic MaS RAMs, but they are inescapable 
and smart designers today have learned how to use them 
astutely. A powerful aid in doing so is to think of the set of 
interface parts as an array, which fits into a matrix whose 
dimensions are various circuit properties. 
Even though the 
rate of progress seems slow, the bit-density and functionality 
of interface 
parts is steadily 
increasing, 
and the time 
is 
approaching 
for designers to learn to take the next logical 
step and use 16-bit interface parts extensively 
in their sys- 


tems, in order 
both to save cost and to improve 
overall 
system performance. 
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Faire. 11-13 May 1979, 


pages 359-365. 
Available 
from 
the 
Computer 
Faire, 


Suite 110,611VeteransBoulevard, Redwood City, CA 94063. 


r2. "Architecture 
of the IBM System/360:' 
G. M. Amdahl, 


G. A. Blaauw, and F.P Brooks, IBM Journal of Research 
and Development, Volume 8 (1964), pages 87-10l 


r3. "The 20-Pin Octal Interface Family- Today's Computer- 


System BUilding Blocks:' Chuck Hastings, applications 
note available from Monolithic 
Memories, Inc. A longer 


paper written 
when buffer transceivers 
were the only 
VISible16-blt parts, but with more detail on the 8-bit parts. 


PAL'S and SKINNYDIP8 
are registered trademarks 
of Monolithic 
Memories . 


Double-Density 
Interface'" is a trademark 
01 Monolithic 
Memories. 


8-Bit Buffers 
SN54LS240 
SN54LS241 
SN54LS244 


SN54S240 
SN54S241 
SN54S244 


• Three-state outputs drive bus lines 


• Low current PNP inputs reduce loading 


• 8-blt data path matches byte boundaries 


• Ideal for microprocessor interface 
i Complementary-enable 
'241 combines 
multiplexer 
and 
driver functions 


Description 


These 8-bit buffers provide high speed and high current 
interface capability for bus organized digital systems. The three- 
state drivers will source a termination toground (upto 1330) or 
sink a pull-up to VCC as in the popular 220 0/330 0 computer 
peripheral termination. The PNP inputs provide improved fan-in 
with 0.2 mA IlL on the low-power Schottky buffers and 0.4 mA 
IlL on the Schottky buffers. 


The '240 and '244 provide inverting and noninverting outputs 
respectively, with assertive low enables. The '241 also provides 
inverting and noninverting outputs, but with complementary 
(both assertive-low and assertive-high) enables, to allow trans- 
ceive or mUltiplexer operation. 


PART 
PKG 
TEMP ENABLE POLARITY POWER 
NUMBER 


SN54LS240 
J,L,W 
Mil 
Low 
Invert 


SN54LS241 
J,L,W 
Mil 
High- 
Non- 
LS 
Low 
Invert 
SN54LS244 
J,L,W 
Mil 
Low 


SN54S240 
J,L,W 
Mil 
Low 
Invert 


SN54S241 
J,L,W 
Mil 
High- 
Non- 
S 
Low 
Invert 
SN54L244 
J,L,W 
Mil 
Low 
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'240 


E1 
~2 
1A 
2A 
1Y 
2Y 


L 
L 
L 
L 
H 
H 


L 
L 
L 
H 
H 
L 


L 
L 
H 
L 
L 
H 


L 
L 
H 
H 
L 
L 
L 
H 
L 
X 
H 
Z 
L 
H 
H 
X 
L 
Z 
H 
L 
X 
L 
Z 
H 


H 
L 
X 
H 
Z 
L 


H 
H 
X 
X 
Z 
Z 


E1 
E2 
1A 
2A 
1Y 
2Y 


L 
L 
L 
X 
L 
Z 


L 
L 
H 
X 
H 
Z 


L 
H 
L 
L 
L 
L 


L 
H 
L 
H 
L 
H 


L 
H 
H 
L 
H 
L 


L 
H 
H 
H 
H 
H 


H 
H 
X 
L 
Z 
L 
H 
H 
X 
H 
Z 
H 


H 
L 
X 
X 
Z 
Z 


E1 
E2 
1A 
2A 
1Y 
2Y 


L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
L 
L 
H 
L 
H 
L 
L 
L 
H 
H 
H 
H 
L 
H 
L 
X 
L 
Z 
L 
H 
H 
X 
H 
Z 


H 
L 
X 
L 
Z 
L 
H 
L 
X 
H 
Z 
H 
H 
H 
X 
X 
Z 
Z 


L 


1 
r--I EN 


2 
l> 


t--. 
18 
'V 


4 
16 


6 
14 


8 
t--. 
12 


Ei 


1A1 
l> 
'V 


18 
1Y1 


1A2 
16 
1Y2 


1A3 
14 
1Y3 


1A4 
12 
1Y4 


E2 
19 


2A1 
11 
l> 
2Y1 
'V 


2A2 
13 
2Y2 


2A3 
15 
2Y3 


2A4 
17 
2Y4 


19 
r--" IEN, 


11 
l> 


9 
'V 


13 
7 


15 
5 


17 
3 


Ei 


1A1 
l> 
'V 


18 
1Y1 


1A2 
16 
1Y2 


1A3 
14 
1Y3 


1A4 
12 
1Y4 


E2 
19 


2A1 
11 
l> 
'V 
2Y1 


2A2 
13 
2Y2 


2A3 
15 
2Y3 


2A4 
17 
2Y4 


Absolute 
Maximum 
Ratings 


TnU:~'~~~~~a;e.~~.~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
=~:;0:~~0 
Off-state output voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5 V to 5.5 V 
Storage temperature 
..............•...............................•................................... 
-65°C to +150°C 


MILITARY 
UNIT 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-55 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
UNIT 
MIN 
TYP 
MAX 


VIL 
Low-level input voltage 
0.7 
V 


VIH 
High-level input voltage 
2.0 
V 


VIC 
Input clamp voltage 
VCC = MIN 
II = -18 mA 
-1.5 
V 


~VT 
Hysteresis (VT+-VT ) 
VCC = MIN 
0.2 
0.4 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.2 
mA 


'IH 
High-level input current 
VCC = MAX 
VI = 2.7 V 
20 
J.LA 


II 
Maximum input current 
VCC = MAX 
VI = 7V 
0.1 
mA 


VCC= MIN 
VOL 
Low-level output voltage 
VIL 
= MAX 
tOL = 12 mA 
0.4 
V 


VIH 
= 2 V 


VCC = MIN 
'OH = -3mA 
2.4 
3.4 
VOH 
High-level output voltage 
VIL 
= 0.5 V 
V 


VIH 
= 2 V 
'OH = -12 mA 
2.0 


10ZL 
VCC= MAX 
Vo = 0.4 V 
-20 
J.LA 
Off-state output current 
VIL 
= MAX 
10ZH 
V,H 
= 2 V 
Vo = 2.7 V 
20 
J.LA 


'OS 
Output short-circuit 
current* 
VCC = MAX 
-40 
-225 
mA 


Outputs 
'LS240 
17 
27 
High 
'LS241, 'LS244 
17 
27 


Supply 
Outputs 
VCC = MAX 
'LS240 
26 
44 
'CC 
mA 
Current 
Low 
Outputs 
'LS241, 'LS244 
27 
46 


open 


Outputs 
'LS240 
29 
50 


Disabled 
'LS241, 'LS244 
32 
54 


* 
Not more t~an one output should be shorted at a time and duration of the short-CirCUit should not exceed one second. 


Switch,ng 
Characteristics 
VCC = 5 V, TA = 25°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
'LS240 
'LS241, 'LS244 
UNIT 
(See Test LoadlWaveforms) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
9 
14 
12 
18 
ns 


tPHL 
Data to output delay 
12 
18 
12 
18 
ns 


tPZL 


CL = 45 pF 
RL = 667n 
20 
30 
20 
30 
ns 


tpZH 
Output enable delay 
15 
23 
15 
23 
ns 


tpZL 
15 
25 
15 
25 
ns 


tpHZ 
Output disable delay 
CL = 5 pF 
RL = 667n 
10 
18 
10 
18 
ns 


~bsolute Maximum Ratings 


Supply 
voltage 
Vcc 
...............................................................•....................... 
-0.5 V to 7 V 


Input voltage 
...........................•.....•....•...................................................... 
-1.5 V to 7 V 
Off-state 
output 
voltage 
.........•.....•................•.....................•...............•........... 
-0.5 V to 5.5 V 


Storage 
temperature 
..................•.....•.....•.......................................•............ 
-65°C 
to +150°C 


SYMBOL 
MILITARY 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
UNIT 
MIN 
TYP 
MAX 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2.0 
V 


VIC 
Input 
clamp 
voltage 
VCC = MIN 
II = -18 mA 
-1.2 
V 


LlVT 
Hysteresis 
(VT +-VT_l 
VCC 
= MIN 
0.2 
0.4 
V 


Low-level 
I Any 
A 
-0.4 
IlL 
input 
current 
I Any E 
VCC 
= MAX 
VI = 0.5 V 
mA 


-2 


IIH 
High-level 
input current 
Vcc 
= MAX 
VI = 2.7 V 
50 
f.l.A 


II 
Maximum 
input 
current 
VCC = MAX 
VI = 5.5 V 
1 
mA 


VCC = MIN 
V 
VOL 
Low-level 
output 
voltage 
VIL 
= 0.8 V 
IOL =48mA 
0.55 


VIH 
= 2 V 


VCC= 
MIN 
IOH = -3 mA 
2.4 
3.4 
VOH 
High-level 
output 
voltage 
VIL 
=0.8V 
V 


VIH 
= 2V 
IOH--12mA 
2.0 


IOZL 
VCC= 
MAX 
VO=0.5V 
-50 
f.l.A 
Off-state 
output 
current 
VIL 
= 0.8 V 


IOZH 
VIH 
= 2 V 
Vo 
= 2.4 V 
50 
f.l.A 


IOS 
Output 
short-circuit 
currentt 
VCC 
= MAX 
-50 
-225 
mA 


Outputs 
'S240 
80 
123 


High 
'S241, 
'S244 
95 
147 


Supply 
Outputs 
VCC 
= MAX 
'S240 
100 
145 
mA 
ICC 
Current 
Low 
Outputs 
'S241 , 'S244 
120 
170 
open 


Outputs 
'S240 
100 
145 


Disabled 
'S241, 
'S244 
120 
170 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
'S240 
'S241 , 'S244 
UNIT 
(see Test LoedlWaveforms) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
Data to output 
delay 
4.5 
7 
6 
9 
ns 


tPHL 
4.5 
7 
6 
9 
ns 


tPZL 
CL =50pF 
RL = 900 
10 
15 
10 
15 
Output 
enable 
delay 
ns 


tPZH 
6.5 
10' 
8 
12 
ns 


,-t~ 
Output 
disable 
delay 
10 
15 
10 
15 
ns 


tPHZ 


CL = 5 pF 
RL = 90 0 
6 
9 
6 
9 
ns 


(SEE NOTE B) 
RL 
o----NV'---O 
5 V 
S1 


CL 
(SEE NOTE A)I 


RO 
(SEE 
NOTE C) 


* The "TEST 
POINT" 
is driven 
by the output 
under test, 


and observed 
by instrumentation. 


OUT 
OF PHA 
E 


OUTPUT 
(See Note 
G 


3V 
OUTPUT 
CONTROL 
OV 
(Low-level 
enabling) 


VOH 
WAVEFORM 
1 
VOL 
(See Note 
0) 


VOH 


VOL 
~:'~E~~t:Mot 
S1 open S2 closed 
OV 


Notes: A. CL includes probe and jig capacitance. 


B. All diodes 
are 1N91 6 or 1N3064. 


C. For Series 54S, RO = 1 K, VT = 1.5 V. 
For Series 54LS, RO = 5 K, VT = 1.3 V. 


D. Waveform 
1 is for an output 
with 
internal 
conditions 
such that the 
output 
is low except 
when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with 
internal 
conditions 
such that the 
output 
is high except when disabled 
by the output 
control. 


E. In the examples 
above, the phase relationships 
between 
inputs 
and outputs have been chosen arbitrarily. 


F. All input pulses are supplied 
by generators 
having 
the followin~ 
characteristics: 
PRR " 1 MHz. ZOUT 
= 50 II and: 
For series 545. fR :5 2.5 ns, IF :S2.5 ns. 
For Series 54LS and PAL devices, 
tR :s;15 ns, tF :S6 ns. 


G. When measuring 
propagation 
delay times of three-state 
outputs, 
switches 
81 and 82 are closed. 


Monolithic mMenJories 


a-Bit Buffers with 
Schmitt Trigger 
Inputs 


SN54/74LS310 SN54/74S310 
SN54/74LS340 SN54/74S340 
SN54/74LS341 SN54/74S341 
SN54/74LS344SN54/74S344 


Features 


• 
SChmitt·trigger 
Inputs 
guarantee 
high noise margin 


• Three-state 
outputs 
drive 
bus lines 


• 
Typical 
Input and output 
capacitance 
~10 pf 


• 
Low-current 
PNP Inputs 
reduce 
loading 


• 
2O-pln SKINNYDIP® 
seves space 


• 8-blt 
data path 
matches 
byte boundaries 


• 
Ideal for microprocessor 
Interface 


• 
Complementary-enable 
'310 and '341 types 
combine 
multl- 
ptexer and driver 
functions 


• 
P1n-compatlble 
with 
SN54n4S21 
0/240/1/4 
and 
SN54n4lS210/240/1/4; 
can be direct 
replacement 
in 
systems 
with noise problems 


Ordering Information 


PART 
NUMBER 


SN54LS310 


SN74LS310 


SN54LS340 


SN74LS340 


SN54LS341 


SN74LS341 


SN54LS344 


SN74LS344 


SN54S3 


SN74 
S 


SN 


N5 


spectively, with assertive-low enables. The '31 Oand '341 also 
provide inverting and non-inverting 
outputs respectively, but 
with complementary 
(both assertive-low and assertive-high) 
enables, to allow transceiver or mUltiplexer operation. 


All of the 8-bit devices are packaged in the popular 2D-pin 
SKINNYDIP®. 


Monolithic l!T!n 
Memories 
Il1Jl1JJ 
TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
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SN54/74LS310/40/41/44 
SN54/74S310/40/41/44 


IEEE Symbols 


E1 


1A1 
[> 
\1 
18 
1Y1 


1A2 
16 
1Y2 


1A3 
14 
1Y3 


1A4 
12 
1Y4 


E2 
19 


2A1 
11 
[> 
2Y1 
\1 


2A2 
13 
2Y2 


2A3 
15 


2A4 
17 


'344 


E1 
E1 


1A1 
2 
1Y1 
2 
18 
1A1 
[> 
\1 
1Y1 


1A2 
4 
1Y2 
1A2 
16 
1Y2 


1A3 
1Y3 
1A3 
14 
1Y3 


1A4 
1Y4 
1A4 
12 
1Y4 


E2 
19 
E2 
19 


2A1 
11 
[> 
\1 
2Y1 
11 
9 
2A1 
[> 
\1 
2Y1 


2A2 
13 
2Y2 
13 
2A2 
2Y2 


2A3 
15 
2Y3 
15 
2A3 
2Y3 


2A4 
17 
2Y4 
17 
2A4 
2Y4 


Supply 
voltage 
VCC 
7 V 


Input 
voltage 
7 V 


Off-state 
output 
voltage 
5.5 V 


Storage 
temperature 
-650 to +l50°C 


MILITARY 


MIN 
TYP 
MAX 


COMMERCIAL 
MIN 
TYP 
MAX 
UNIT 


Electrical Characteristics Over Operating Conditions 
~ 
\ 


~Ia; 
icRV) 
.,~ 
-:- 


TEST 
CONDITIONS 
<\ 
'MfN 1~'~;;'A5c 
;~~W~~IT 


~ 
\' 
~,7 
2.~,..~\\~~ 


Any 
A* 
~ 
\.\....} 
)0.6 
0,9(\1\1 
~~~ 
1.1 


VCC 
= ,tI1~~ 
= -16 
~ 
r?_\i-i?o ::/ 


~y 
~t \. \ \) 
/. :;At.~~ ) V 
0.4 
0.6 


~ 
A..,)' 
.••••...J ) 
~ 
\'?:'li .A<.:::::/ 
0.4 


Input 
low voltage 
\ 
~.~ 
.~-- 
\ 
~ 
\ 
\ 
.."\ ";/ 


Input 
high 
vOlta~ 
\ 
:\ny 
E* 
•••••. 
\ 
\ V.J 
2.0 


Low-leve~1 
c~rrent) 
) 
VCc.~A~~Jt 
0.4 vV' 


High~~ 
I in 
;(, 
~ 
~~ 
\ ~J2.7 V 


Maxim 
urrent 
\\,<, ~ 
~X'V"VI 
7 V 


V 
a~-""":'lj0IN 
IOL=12mA 
Low-level 
output 
voltag 
.••••.T + _=2 V 


VT_-0.6V 
IOL=24mA 


VCC 
= MIN 
IOH = -3 mA 


VT+ = 2 V 
IOH = -12 
mA 


VT_ = 0.6 V 
IOH = -15 
mA 


VCC 
= MAX 
Vo 
= 0.4 V 
VT+ = 2 V 
VT_=0.6V 
VO=2.7V 


Output 
short-circuit 
current"" 
VCC 
= MAX 


VT+ 


VT- 


VIC 


6VT 


6VDB 


VIL 


VIH 


IlL 


IIH 
I, 


Supply 
voltage 


Operating 
free-air 
temperature 


Positive 
threshold 
voltage 


Negative 
threshold 
voltage 


Input 
clamp 
voltage 


Hysteresis 
(VT +- VT-l 


Dead 
band 
voltage 


-0,2 


20 


Outputs 
'LS310,'LS340 
17 
27 
17 
27 


High 
'LS341, 
'LS344 
16 
35 
16 
35 


Supply 
Outputs 
VCC 
= MAX 
'LS310, 
'LS340 
26 
44 
26 
44 


ICC 
mA 
Current 
Low 
Outputs open 
'LS341, 
'LS344 
32 
46 
32 
46 


Outputs 
'LS310, 
'LS340 
29 
50 
29 
50 


Disabled 
'LS341, 
'LS344 
34 
54 
34 
54 


** Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


* 
"A" indicates 
data input. 
"E" indicates 
enable input. 


:eS:"~~IWDITIONS 
.veforms) 


Absolute 
Maximum 
Ratings 


~upply voltage Vcc 
7.0 V 
Input voltage 
5.5 V 


Off-state output voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
8torage temperature 
-65° to +150°C 


MILITARY 
COMMERCIAL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


8upply voltage 


Operating free-air temperature 
5.5 
4.75 
5~. 
V 


125 
0 
loc 


-. 
1" 
~(Q)~ 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Y 
~~MMER~ 
5) UNIT 
.:£ 
'~AX 
IN T~ 
X 


VT+ 
Positive threshold voltage 
Any A* 
<'\ IIu..... 
.y.'~vS 
1~.SS 
.:o::..J)v 


VT- 
Negative threshold voltage 
Any A* 
(\ 
\\--P:V/1 
1.3r:-..9>~ \'t~. 3 
V 


VIC 
Input clamp voltage 
Vcc 
= MIN A= 
-~~A) 
(\-1~ C1\\) 
-1.2 
V 


AVT 
Hysteresis (VT+-VT-l 
AnYA~0\ 
""-"" 
O.~\ 
\ ~...y'.#0.7 
V 


AVDB 
Dead band voltage 
AnY/~\ 
\\ 
/e"a.~)\) 
0.3 
V 


V,L 
Input low voltage 
.-'" \~,:\ )} 
.-....\ \~ 
<::::::/ 0.8 
0.8 
V 


VIH 
Input high voltage 
\,,~ 
*- 
('<'\\\\2§/ 
2.0 
V 


IlL 
Low-level inpu ~ 
\.' 
VCC' 
MAX (\1 
o\'\j) 
0.25 
0.25 
mA 


I'H 
High-le~1 
t~urrer\t \ 
VC~M\\.'\1 
= 2.7V 
50 
50 
IlA 


II 
Max~~in 
~;,.?,' 
'l\. 
\. 
1 


; 


1 
mA 
J_ "'t~ 
~1T 5.5 V 


I 
.~ 
I~~~~~ 


IOL = 48mA 
0.55 


VOL 
Low-lev 
tput vol 
g 
"z 
V 


~: 
- 0.8V 
10L = 64mA 
0.55 


\> 
10H = -1 mA 
2.7 


VCC = MIN 
10H = -3mA 
2.4 
3.4 
2.4 
3.4 


VOH 
High-level output voltage 
VT+ = 2 V 
IOH = -12 mA 
2 
V 


VT_=0.8V 
10H = -15 mA 
2 


'OZL 
VCC = MAX 
Vo =0.5 V 
-50 
-50 
IlA 
Off-state output current 
VIH = 2.0 V 


'OZH 
VIL = 0.8 V 
Vo = 2.7 V 
50 
50 
IlA 


'08 
Output short-circuit current"" 
VCC = MAX 
-50 
-225 
-50 
-225 
mA 


Outputs 
'8310:8340 
50 
80 
50 
80 


High 
'8341, '8344 
80 
130 
80 
130 


8upply 
Outputs 
VCC = MAX 
'8310, '8340 
110 
155 
100 
155 
'CC 
mA 
Current 
Low 
Outputsopen 
'8341, '8344 
130 
180 
130 
185 


Outputs 
'8310, '8340 
135 
180 
135 
180 


Disabled 
'8341, '8344 
155 
180 
150 
200 


!* Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


"A" indicates 
data input, 
"E" indicates 
enable 
input. 


SN54/74S310 
SWitch~ngCh 
SN54/74S340 
aracterist" 
SN54/74S341 


SYMB 
ICS Vc 
- 5 
OL 
C- 
V,TA=25°C 


PARAMETER 
:'S~CONDITIONS 
LoadIW.velormtl) 


'S310. 'S340 
MIN 
TYP MAX 


'340 


E1 
E2 
1YOUTPUTS 
2YOUTPUTS 


H 
H 
Z 
Z 


H 
L 
Z 
Enabled 
(Inverting) 


L 
H 
Enabled 
Z 
(Inverting) 


L 
L 
Enabled 
(Inverting) 


E1 


H 
H 
L 
L 


E1 
E2 
1YOUTPUTS 
2YOUTPUTS 


H 
H 
Z 
Enabled 


(Inverting) 


H 
L 
Z 
Z 


L 
H 
Enabled 
Enabled 
(Inverting) 
(Inverting) 


L 
L 
Enabled 
Z 
(Inverting) 


E1 
E2 
1YOUTPUTS 
2YOUTPUTS 


H 
H 
Z 
Enabled 


H 
L 
Z 
Z 


L 
H 
Enabled 
Enabled 


L 
L 
Enabled 
Z 


--....,- 


II! 
I 
II\, 


1:/1 
~:l 


NON INVERTING 
DEVICE 


THRESHOLD VOLTAGE VS OPERATING TEMPERATURE 


DEAD BAND 
" f-- VT- 


.; 
"------------T- 


DEAD BAND 
1_ 


-55 
25 
125 
·C 


MILITARY 
DEVICE 


* Dead Band: 
The hysteresis is guaranteed 
at any operating 
temperature 
and voltage. 


25 
75 


COMMERCIAL 
DEVICE 


CL 
RO 
(SEE NOTE Al(SEE 
NOTE C) 


* The "TEST 
POINT" 
is driven 
by the output 
under 
test, 


and observed 
by instrumentation. 


Test W8jefOrmS 


OUT 
OF PHAS 
OUTPUT 
(See Note G) 


are 1N916or 
1N3064. 


Series 
541745310/340/341/344 
RO = 5K, VT = VT+ = 1.8 V 


for low-Ie-high 
input transition. 
For 
Series 
541745310/340/3411344 
RO = 5K, VT = VT- = 1.1 V 
for high-la-low 
inpu~ transition. 


For Series 
54/74LS310/340/341/344 
RO = 5K, VT = VT+ = 1.7 V 
for low-Io-high 
input transition. 


For 
Series 
54174L310/340/341/344 
RO = 5K, VT = VT_ = 0.9 V 
for high-la-low 
input transition. 


D. Waveform 
1 is for an output 
with internal 
conditions 
such that the 
output 
is low except 
when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with internal 
conditions 
such that the 
output 
is high except when disabled 
by the output 
control. 


E. In the examples 
above, the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


F. All input pulses are supplied 
by generators 
having the following 
characteristics: 
PRR :5 1 MHz, ZOUT = son and: 


For Series 541745, tR :5 2.5 ns, IF :5 2.5 ns. 
For Series S4174L5 and PAls, 
tA :5 15 ns. tF:5 
6 ns. 


G. 
When 
measuring 
propagation 
delay 
times 
of 3-state 
outputs. 
switches 
51 and 52 are closed. 
(Propagation 
delays 
are mea- 
sured from the inputs 
crossing 
VT +, VT _ to the outputs 
crossing 
VT) 


Ordering Information 


PART 
NUMBER 


SN54LS245 


SN74LS245 


• Three-state outputs drive bus lines 


• Low current PNP Inputs reduce loading 


• Symmetric -- equal driving capability 
In each direction 


• 20-pln SKINNYDIP® saves space 


• 8-blt data path matches byte boundaries 


These 
8-bit 
bus 
transceiverS 


two-way 
communication 
tion 
implementation 
i 


J,L,W 


N,J 


DIRECTION 
CONTROL 
DIR 


L 
H 
X 


B data to A bus 


A data to B bus 


Isolated 


TWX: 910-338-2376 
MonolIthIc mT!n 
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a-Bit Buffer Transceiver 
SN54/74LS645 
SN74LS645-1 


I 


FOR 
MORE DETAIL 
SEE SECTION 
13 


Feature,., Benefits 


• Three-sta_e outputs drive bus lines 


• Low current PNP Inputs reduce Ioedlng 


• Symmetric - 
8quel driving C8peblllty In each direction 


• 20-pln SKINNYDI~ 
saves space 


• a-bit data i.th 
matches byte boundaries 


• Ideal for "lICroprocaaaor Interface 


• SN74LS64$-1 rated at 'OL = 48 mA 


PART 
NUMBER 


SN54LS645 
SN74LS645 
SN74LS645-1 


B data to A bus 


A data to B bus 


Isolated 


IEEE Symbol 


'LS645/645-1 


E 


DIR 


A1 
B1 


A2 
17 
B2 


A3 
4 
16 
B3 


A4 
5 
15 
.a4 


AS 
14 
B5 


A6 
13 
B6 


A7 
12 
B7 


AS 
9 
11 
B6 


Monolithic ~mn 
Memories 
InJnJJ 
12·31 


TWX: 910-338-2376 


2175 Mission College Blvd. Senta Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 


8-Bit Registers 
with Master Reset 
or Clock Enable 


SN54LS273 


Features/Benefits 


• S-blt data path matches byte boundaries 


• Ideal for microprogram Instruction registers 


I 
• Ideal for microprogram Interlace 


• Suitable for pipeline data registers 


• Useful In timing, sequencing, and control circuits 


• Three '2735 may replace four '174s 


pescription 


These a-bit 
registers contain 
eight 
D-type flip-flops, 
they 
feature very low ICC (17mA typical) on the low-power Schottky 
devices and very-high-speed 
operation 
on the Schottky 
devices. The '273 register is loaded on the rising edge of the 
clock (CK) and asynchronously cleared whenever the master 
reset line, MR, is low. 


INPUTS 
OUTPUT 


MR 
CLOCK 
DATA 
Q 


L 
X 
X 
L 
H 
1 
H 
H 
H 
1 
L 
L 
H 
Lor H or I 
X 
°0 


PART 
PKG 
TEMP POLAR- CONTROL 
POWER 
NUMBER 
ITV 
OPTION 


SN54LS273 
J,L,W 
Mil 
Non- 
Master 
LS 
Invert 
Reset 


8-Bit Register 
with Master Reset 
'273 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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Absolute 
Maximum 
Ratings 


TnU:~I~~~~~fe.~~~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::' 
~1~~'~;ot~.~~ 


Off-state 
o~Tput voltage 
-0.5 V to 5.5 V 
Storage 
temperature 
range 
..................•............................•............•..... 
····· 
-65°C 
to +150°C 


1 
~ 
J 


R 
11 
l' C1, 


3 
10 
2 


4 
5 


7 
6 


8 
9 


13 
12 


14 
15 


17 
16 


18 
19 


TEST CONDITIONS 
MILITARY 
UNIT 
SYMBOL 
PARAMETER 
(See Interface, 
Test 
FIGURE 
MIN 
TYP 
MAX 
LoadlWavelonns) 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
V 


TA 
I Operating 
free-air 
temperature 
-55 
125 
°C 


tw 
Width 
of clock 


High-tWH 
1 
20 
ns 
Low-tWL 


tWMR 
Width 
of Master 
Reset 
Low-tWMRL 
2 
20 
ns 


tree 
MR to CK 
2 
25 t 
ns 


Data 
input 
to CK 
3 
20 t 


tsu 
Setup 
time 
25 t 
4 
ns 
10 I 


Data 
input 
3 
51 


th 
Hold 
time 
4 
5 t 
ns 


51 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
UNIT 
MIN 
TYP 
MAX 


VIL 
Low-level input voltage 
0.7 
V 


VIH 
High-level input voltage 
2.0 
V 


VIC 
Input clamp voltage 
VCC= MIN 
II = -18 mA 
-1.5 
V 


IlL 
Low-level input current 
VCC= MAX 
VI = 0.4 V 
-0.4 
mA 


IIH 
High-level input current 
VCC= MAX 
VI = 2.7 V 
20 
IJA 


II 
Maximum input current 
VCC= MAX 
VI= 7V 
0.1 
mA 


VCC= MIN 


VOL 
Low-level output voltage 
VIL 
= MAX 
10L =4mA 
0.25 
0.4 
V 


VIH = 2 V 


VCC= MIN 


VOH 
High-level output voltage 
VIL 
= MAX 
10H 
= -400IJA 
2.5 
3.4 
V 


VIH = 2 V 


10S 
Output short-circuit 
current* 
VCC= MAX 
-20 
-100 
mA 


ICC 
Supply current t 
VCC= MAX 
'LS273 
17 
27 
mA 


Outputs open 


* 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


t 
Ice 
is measured after first a momentary 
ground, and then 4.5 V is applied to clock. while the following other input conditions are held: 


For the 'LS273-4.5 
V on all data and master-reset 
inputs. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
'LS273 
UNIT 
(See Tell LoadlWl.llorm.) 
MIN 
TYP 
MAX 


fMAX 
Maximum Clock frequency 
30 
40 
MHz 


tpLH 
27 
ns 


tpHL 
Clock to Output delay 
CL=15pF 
RL=2KO 
27 
ns 


tpHL 
Master Reset to output delay 
27 
ns 


Monollthlo W Memories 


MR 
VT 


IWMRL 
I~~ 


CK 
fVT 


a ~'~'i ;- 


Figure 
2 


CLI 
(SEE NOTE A) "=" 


LOAD CIRCUIT 
FOR 
BI-STATE 
TOTEM-POLE 
OUTPUTS 


Notes: A. CL includes probe and jig capacitance. 


B. All diodes 
are 1N916 or 1N3064. 


C. For Series 54LS, VT = 1.3 V. 


D. In the examples above. the phase relationships between inputs 


and outputs have been chosen arbitrarily. 


E. All input pulses are supplied by generators having the following 
characteristics: 
PRR:5 1 MHz. ZOUT 
= 50 n. 


8- Bit Latches, 8-Bit Registers 
SN54LS373 
SN54S373 
SN54LS374 
SN54S374 


Featuresl 
Benefits 


• 
Three-state 
outputs drive bus lines 


• 
B-bit data path matches 
byte boundaries 


• 
Hysteresis 
improves 
noise margin 


• 
Low current 
PNP inputs reduce 
loading 


• 
Ideal for microprocessor 
interface 


PART 
PKG 
TEMP 
POLARITY 
TYPE 
POWER 
NUMBER 


SN54LS373 
Latch 
LS 
SN54LS374 
Non- 
Register 
J,L,W 
Mil 
invert 
SN54S373 
Latch 
S 
SN54S374 
Register 


Description 


The 
latch 
passes 
eight 
bits of data from 
the inputs 
(0) 
to the 


qutputs 
(0) 
when 
the gate 
(G) is high. 
The 
data 
is "latched" 


when the gate (G) goes low. The register 
loads eight bits of input 
data and passes it to output 
on the "rising 
edge" 
of the clock. 


The three-state 
outputs 
are active 
when 
OE is low, and high- 
impedance 
when 
OE 
is high. 
Schmitt-trigger 
buffers 
at the 
gate/clock 
inputs 
improve 
system 
noise 
margin 
by providing 
typically 
400 mV of hysteresis. 


function 
Tables 


'373 B-Bit Latch 


OE 
G 
D 
Q 


L 
H 
H 
H 
L 
H 
L 
L 
L 
L 
X 
00 
H 
X 
X 
Z 


OE 
CK 
D 
Q 


L 
1 
H 
H 
L 
1 
L 
L 
L 
Lor 
H or I 
X 
00 
H 
X 
X 
Z 


TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 
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Absolu~e Maximum Ratings 


Supply voltage Vcc 
, 
-0.5 V to 7 V 


~~~s~~~~t~;rp~t'~~li~~~': : : : : : : : : :: : :: : : : : : : : : : : : : : : : : :: : : : : : : : :: : :: :: : :: : : :: : : : : : : : :: : : : : :: : : : : : :: : :: : : : : .~o~~·~ 
Yot~.~~ 
Storage terTJperature ...................................................................•..•..•....... 
-65°C to +150°C 
Operating Conditions 


SYMBOL 
PARAMETER 
MILITARY 
UNIT 
MIN 
TYP 
MAX 


Vcc 
Supply voltage 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-55 
125 
°c 


tw 
Width of Clock/Gate 
High 
15 
Low 
15 
ns 


tsu 
Setup time 
'LS373 
51 


'LS374 
201 
ns 


th 
Hold time 
'LS373 
201 


'LS374 
or 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
UNIT 
MIN 
TYP 
MAX 


VIL 
Low-level input voltage 
0.7 
V 


VIH 
High-level input voltage 
2.0 
V 


VIC 
Input clamp voltage 
VCC= MIN 
II = -18 mA 
-1.5 
V 


IlL 
Low-level input current 
VCC= MAX 
VI = 0.4 V 
-0.4 
mA 


IIH 
High-level input current 
VCC= MAX 
VI = 2.7 V 
20 
IJA 
II 
Maximum input current 
VCC=MAX 
VI= 7V 
0.1 
mA 


VCC = MIN 


VOL 
Low-level output voltage 
VIL 
= MAX 
IOL = 12 mA 
0.25 
0.4 
V 
VIH = 2 V 


VCC= MIN 


VOH 
High-level output voltage 
VIL 
= MAX 
IOH =-1 mA 
2.4 
3.4 
V 
VIH = 2 V 


IOZL 
VCC=MAX 
VO=0.4 V 
-20 
IJA 
Off-state output current 
VIL 
= MAX 
IOZH 
VIH =2 V 
Vo = 2.7 V 
20 
IJA 


IOS 
Output short-circuit current" 
VCC=MAX 
-30 
-130 
mA 


ICC 
Supply current 
VCC=MAX 
'LS373 
24 
40 
mA 


Outputs open 
'LS374 
27 
40 


" 
Not more t;~40ne 
output should be shorted at a time and duration 
of the short-circuit 
should not exceed one second. 
Switchi 
Characteristics v 
= 5 V T 
= 25°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
'LS373 
'LS374 
UNIT 
(See TeolloadlWavefonnl) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fMAX 
Maximum clock frequency 
35 
50 
MHz 


tpLH 
Data to output delay 
12 
18 
ns 


tPHL 
12 
18 
ns 


tpLH 
Clock/Gate to output delay 
CL = 45 pF 
RL = 667n 
20 
30 
15 
28 
ns 


tpHL 
18 
30 
19 
28 
ns 


tPZL 
Output enable delay 
25 
36 
21 
28 
ns 


tPZH 
15 
28 
20 
28 
ns 


tpLZ 
Output disable delay 
15 
25 
14 
25 
ns 


tPHZ 
CL = 5 pF 
RL = 667n 
12 
20 
12 
20 
ns 


1 - 
EN 
11 
,rrC1 


3 
10 
2 


t> 
v 


4 
5 


7 
6 


8 
9 


13 
12 


14 
15 


17 
16 


18 
19 


1 
~ 
EN 


11 
.ITG1 


3 
10 
t> 
V 


2 
1 


4 
5 


7 
6 


8 
9 


13 
12 


14 
15 


17 
16 


18 
19 


OUTPUT 
CONTROL 
(Low-level 
enabling) 


OUT OF PHASE 
OUTPUT 
(See Note G) 


Notes: 
A. CL includes 
probe and jig capacitance. 


B. All diodes are 1N916 or 1N3064. 


C. For Series 545, RO = 1 K, VT = 1.5 V. 


For Series 54LS, RO = 5 K, VT = 1.3 V. 


D. Waveform 
1 is for an output 
with internal 
conditions 
such that the 
output 
is low except when disabled by the output control. 


Waveform 
2 is for an output 
with internal 
conditions 
such that the 
output 
is high except when disabled 
by the output 
control. 


E. In the examples 
above, the phase relationships 
between 
inputs 
and outputs 
have been chosen arbitrarily. 


F. All input pulses are supplied 
by generators 
having the following 
characteristics: 
PRR:5 1 MHz. ZOUT = 50 nand: 


For series 548, tA :5 2.5 ns, IF:5 2.5 ns. 
For Series 54LS and PAL devices. 
IA :5 15 ns, IF :5 6 ns. 


G. When measuring 
propagation 
delay times of three-state 
outputs, 


switches 
81 and 82 are closed. 


(SEE NOTE B) 
RL 
~5V 
S1 


CL 


(SEE NOTE A)I 


RO 


(SEE 
NOTE C) 


* The "TEST POINT" is driven by the output 
under test, 


and observed by instrumentation. 


~bsoluteMaximum Ratings 


Supply voltage Vcc 
...........................•..•....•.....•.....•.....•..•...•..•....................... 
-0.5 V to 7 V 


Input voltage 
..........................•...................................•......•....................... 
-1.5 V to 7 V 


Off-state output voltage 
. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 
-0.5 V to 5.5 V 


Storage temperature 
...................•....................•..............•......•.................. 
-65°C to +150°C 
Operating Conditions 


SYMBOL 
PARAMETER 
MiliTARY 
UNIT 
MIN 
TYP 
MAX 


Vcc 
Supply voltage 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-55 
125 
°c 


Width of Clock/Gate 
High 
6 
tw 
Low 
7.3 
ns 


tsu 
Setup time 
'S373 
OJ 


'S374 
51 
ns 


th 
Hold time 
'S373 
101 


'S374 
21 
ns 


f L 
The arrow indicates the transition 01 the clock input used for reference. t for the low-Ie-high 
transition, 
L for the high-Ie-low 
transition. 


Electrical Characteristics 
Over Operating 
Conditions 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MiliTARY 
UNIT 
MIN 
TYP 
MAX 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2.0 
V 


VIC 
Input clamp voltage 
VCC-MIN 
II = -18 mA 
-1.2 
V 


IlL 
Low-level input current 
VCC-MAX 
VI- 
0.5 V 
-0.25 
mA 


IIH 
High-level input current 
VCC=MAX 
VI = 2.7 V 
50 
p.A 


II 
Maximum input current 
VCC=MAX 
VI = 5.5 V 
1 
mA 


VCC=MIN 
VOL 
Low-level output voltage 
VIL 
=0.8V 
10L =20 mA 
0.5 
V 


VIH = 2 V 


VCC=MIN 
VOH 
High-level output voltage 
VIL 
=0.8 V 
10H =-2 mA 
2.4 
3.4 
V 


VIH 
= 2 V 


10ZL 
VCC=MAX 
VO=0.5V 
-50 
p.A 


Off-state output current 
VIL 
=0.8V 
10ZH 
VIH =2 V 
VO=2.4V 
50 
p.A 


10S 
Output short-circuit current" 
VCC-MAX 
-40 
-100 
mA 


ICC 
Supply current 
VCC=MAX 
'S373 
105 
160 
mA 
Outputs open 
'S374 
90 
140 


* 
Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


Switching 
Characteristics 
VCC = 5 V, TA = 25°C 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'S373 
'S374 
UNIT 
(See Test LoedlWeveforms) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fMAX 
Maximum clock frequency 
75 
100 
MHz 


tpLH 
Data to output delay 
7 
12 
ns 


tpHL 
7 
12 
ns 


tPLH 
Clock/Gate to output delay 
CL = 15 pF 
RL = 2800 
7 
14 
8 
15 
ns 


tPHL 
12 
18 
11 
17 
ns 


tPZL 
11 
18 
11 
18 
ns 


tpZH 
Output enable delay 
8 
15 
8 
15 
ns 


tPLZ 
Output disable delay 
8 
12 
7 
12 
ns 


tPHZ 
CL = 5 pF 
RL = 2800 
6 
9 
5 
9 
ns 


a-Bit Register With Clock Enable and 
Open-Collector 
Outputs 
SN5t/74S383 


POLAR· CONTROL 
POWER 
TEMP 
ITV 
OPTIONS 


Mil 
Com 


PART 
NUMBER 


SN54S383 


SN74S383 


J,L,W 


N,J 


1 
G2 
I 
11 
.,2C1 
,J 


3 
10 
~ 
0 


2 


4 
5 


7 
6 


8 
9 


13 
12 


14 
15 


17 
16 


18 
19 


CKEN 


CK 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 TWX: 910-338-2374 
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12·41 


Absolute Maximum Ratings 


~upply 
voltage 
vCC 
...............................................•............................................. 
7.0 V 
Input voltage 
...........................•..•.............................•...................................... 
5.5 V 
Off-state 
output 
voltage 
.....................•..............•..............................•...................... 
5.5 V 
Storage 
temperature 
........•....................•.......................•..................•.......... 
_65° to +150°C 


TEST CONDITIONS 
(see I"torloco, To.t 
LoadfW8veforml 


Supply 
voltage 


Operating 
free-air 
temperature 


High-tWH 


Low-tWL 


Data input 
to CK 


Low 
CK EN to CK 


High 
CK EN to CK 


Data 
input 


AX 


MAX 


MAX 


MIN 


MAX 


2V 


MIN 


VIL 
= 
MAX 


VIH 
= 2V 


VCC 
= MAX 


Outputs 
open 


MILITARY 
MINTYPMAX 


4.5 
5 
5.5 


-55 


COMMERCIAL 
MIN TYP MAX 
UNIT 


COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


08 
V 


2 
V 


-1.2 
-1.2 
V 


-250 
-250 
p.A 


50 
50 
jJA 


1 
1 
mA 


0.5 
0.5 
V 


250 
250 
IlA 


160 
160 
mA 


160 
160 


-18mA 


0.5V 


2.7V 


5.5V 


Outputs 
HIGH 


Outputs 
LOW 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
'S383 
UNIT 
(See Tel' LoadlWaveforml) 
MIN 
TYP 
MAX 


fMAX 
Maximum 
Clock 
frequency 
75 
110 
MHz 


tpLH 


Clock 
to output 
delay 


CL = 15pF 
RL = 28011 
10 
17 
ns 


tpHL 
14 
22 
ns 


SN54/74S383 


h 
phase r'f4Jaflonships between inputs and 
n r itrarily. 


d by generators 
having the following 


Open Collector Bus Application Information For 
Determination 
of AL For Wired-And 
Applications 


1. CALCULATE 
RL(Mln): 


Vcc 
- VOL(Max) 
RL(Min) 
= 
------ 
IOL - (TOTAL 
IlL) 


where 
'OL = 24 mA at 


VOL(Max) 
= 0.5 V 


SN54n4S383 
Q 
REGISTER 
OUTPUT 


Vcc 
- VOH(Min) 
~ 
~E 
S 4S 
Q 
RL(Max) 
= 
-------- 
OUT 
(TOTAL 
IOH + TOTAL 
IIH) 
~ 


wh,re 'OH' 250,A" (';: •••••• 
'\~\Q <A\ 


VOH,MI,), 
2.5V~'V 
0 
~f(J ~~~\\ 
g~~~~COLLECTOR 


~~ 
~~ 
o~n 


~ 


·• 
• 
• 
•• 


• 
IIH 
·· 


3. SELECT 
a value for RL in the range of RL(Min) 
to RL(Max). 
based on power 
consumption 
and speed 
requirements: 


14 


Tp(nl) 


S-Bit Latches, S-Bit Registers 
with Inverting Outputs 
SN54/74LS533 
SN54/74S533 


SN54/74LS534 
SN54/74S534 


Ordering Information 


PART 


NUMBER 


54LSS33 
74LSS33 


54LSS34 
74LSS34 


545533 
745533 


545534 
745534 


Features/ Benefib 
• 
Inverting 
(lutputs 


• Three-st~te 
outputs 
drive 
bus lines 


• 
2O-pln SKINNYDIP® 
saves space 


• 8-blt 
datJ path 
matches 
byte boundaries 


• 
Low cu"nt 
PNP Inputs 
reduce 
loading 


• 
Ideal for microprocessor 
Interface 


• 
Pin-compatlble 
with 
SN54n4LS373/4 
or SN54174S373/4 
- 
can be direct replacement 
when bus polarity 
must be changed 


Description 
In addition 
to 
the 
standard 
Sand 
LS latches 
and 
registers, 
Monolithic 
~emories 
provides 
inverting 
outputs 
instead 
of non- 


inverting 
outputs. 
The 
inverting 
outputs 
are intended 
for 
bus 
applications 
that require 
inversion 
as in interfacing 
the Am 
4-bit 
slice tolan 
assertive-low 
bus. 


The latch 
passes eight 
bits of data from 
the inp 
s 
outputs 
(0) 
'when 
the gate 
(G) is high. 
Th 
a 
Function Tables 


'533 8-BIt 
Late 
\. 


"V 
OE 
CK 
0 
a 


L 
t 
H 
H 


L 
t 
L 
L 


L 
Lor 
H or j 
X 
00 


H 
X 
X 
Z 


Logic Symbols 


'533 8-Blt 
Latch 
(Inverting) 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
Monolithic ~~" 
Memories 
Il1Jn.U 
12·45 


'5533 
'5534 


DE 
1 
OE 
1 


G 
11 
11 
CK 


10 
10 
[> 
'V 
10 
10 


20 
4 
2Q 
20 


3D 
3Q 
3D 


40 
40 


50 
13 
12 
SO 


60 
14 
" 
oo~ 
70 
17 
16 
- 


©~~~ 


70 


80 
18 
19 
80 


~~~ 


MonolithicmMemories 


Absolute 
Maximum 
Ratings 


T::~I~~~~~a;e.~~~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
; ~ 
Off-state 
output 
voltage 
5.5 V 
Storage temrrature 
-650 to +150°C 
Operating 
Conditions 
. 


MILITARY 
COMMERCIAL 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


4.5 
5 
5.5 
4.75 
5 
5.25 


-55 
125 
0 
75 


15 
15.-.... 


15 
15 
<7'11 


3) 
~~, 


201 
/'i 
1 
\.\ 
\ 


101 
(<,.\l ~ 7 


01 .~ 
\V(" oi"-- 


'I; < 
-. 
,yr-./ 


t) 
The ar<c.w irdicates 
the transition 
Of.the ~Iock/enabie 
input used for reference. t for the lOW;:;' 
_'('. 
~r 
the""gh-to-I~~ 


Electrical 
Characteristics 
Over Operating 
Conditions 
(\ 
( ~ 
\ 
V,."....... 
~ 
\ Y-;...J 
) 


SYMBOL 
PARAMETER 
TEST CONDo.....NS'\ 
"..../ .lMILITAY-.--.::> .\ y 
CIAL 


A 
u"f,."(r '" \ ,,,, 
"1tiN 
TYpJ' ""A~ 
\Ul1ll. 
m 
MAX 


Low-level 
input voltage 
~ 
( 
\ •.' •••••••. 
./ 
__ 
\ 
\ 
0.7,.) 
0.8 


High-level 
input voltage 
~ 
\ 
\ 
.•••• '(:::- 
\. 
........::...--2 


Input clamp voltage 
\f1 
- ~ 1\1 \} 
II 
- 
-,)f ~ 
"--'" 
\ V -1.5 


Low-level 
input current 
-... 
.~ 
= rjtJX 
V 1.--;;:lt~ V..,... 
<:-"../ 
-0.4 


High-level 
input current 
\ 
,,-' 
", 
= -" AX 
/y- 
" 
. '\ .....• 
-::> 
20 


Maximum 
inpu~nt 
\ 
\ 
~ 
= 
MA~ 
\1lI 
=\7Y V 
0.1 


I 
. 
.' 
~ 
\) 
~~CC 
= 
I~~\ 
Im,'?A2mA 
0.25 
0.4 
VOL 
LO~. 
,1.t volt 
v. 
~b\ 


\'(-\ 
" 
'-::: 
./ 
IH 
~~ 
10L 
= 24mA 


I 
~ 
I~~~lft- 
IOH 
= -1mA 
2A 
3.4 


High- 
tput v 
e 
V 
MAX 


,~ 
H 
= 2V 
IOH 
= -2.6mA 


\ 
\ 
......- VCC 
= MAX 
Va 
= OAV 


Off-state 
output 
currentV 
VIL 
= MAX 


VIH 
= 2V 
Va 
= 2.7V 


VCC 
= MAX 


VCC 
= 
MAX 
Outputs 
open 


Supply 
voltage 


Operating 
free-air temperature 


High 


Low 


LS533 


LS534 


LS533 


LS534 


IOZL 


10ZH 


10S 


20 


-130 
48 
48 
LS533 


LS534 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LS533 
LS534 
UNIT 
(s•• TOIl LOldIWI •• 'orma) 
MIN 
TYP 
MAX MIN 
TYP 
MAX 


fMAX 
Maximum 
Clock frequency 
35 
50 
MHz 


tpLH 
Data to Output 
delay 
17 
25 
ns 


tPHL 
12 
25 
ns 


tpLH 
CL = 
45pF 
RL = 6670 
20 
35 
19 
30 
ns 


tpHL 
Clock/Gate 
to output 
delay 
18 
35 
15 
30 
ns 


tpZL 
Output 
Enable delay 
25 
36 
21 
30 
ns 


tpZH 
17 
30 
20 
30 
ns 


tpLZ 
Output 
Disable delay 
CL = 5pF 
RL= 
6670 


18 
29 
18 
29 
ns 


tpHZ 
16 
24 
16 
24 
ns 


UNIT 


V 


V 


V 


mA 


IJA 


mA 


V 
1m 


V 


IJA 


IJA 


mA 


mA 


-130 


48 
48 


Absolute Maximum Ratings 


Supply voltage VCC 
7 V 
Input voltage 
5.5 V 
Off-state output voltage 
5.5 V 
Storage temperature 
..................•.....•...................•...................................... 
_65° to +150°C 
Operating 
Conditions 


MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Supply 
voltage 


Operating 
free-air temperature 


4.5 
5 
5.5 
4.75 
5 
5.25 
V 


-55 
125 
0 
75°C 


High 
6 
6 
~ 


Low 
7.3 
7.3 
«) 
L. 
ns 


S533 
01 
oV """\ 
("",,\l>ns 


S534 
51./ 
).'ll \ 
\ 
\) 


S533 
101 
«' .A<X'-.../J 


S534 
51/')\.' 
51 
- 
....- 


t!1 The arro.w indicates 
the transition 
Of.the ~OCk/enable 
input 
used for reference. t for the low-to-~~~~orthe 
hVtO-IOW ~4\uf~ 


.Iectrlcal 
Characteristics 
Over Operating 
Conditions 
A (e::::-....\ v-::> 
£'- .•... 
\ \':;::) 
) 


SYMBOL 
PARAMETER 
TEST CONDIT~S 
\ 
\~~:R~ 
3...,...\TYYMAX 
UNIT 


VIL 
Low-level input voltage 
././ 
\. \..../ 
/ 
\ 
0./3" 
..., 
0.8 


VIH 
High-level input voltage 
.-S/'\ \. 
- 
Vr-? 
\'-::":7 


VIC 
Input clamp voltage 
VC~' 
\.\.11 
- -18'1)A'1)'" 
-.-. 
\c}.2 


IlL 
Low-level input current 
~, 
MA.l 
"'VI 
= O.[Vr 
~ 
~ 
/ 
-0.25 


IIH 
High-level input current 
/"- 
Ill;,~ 
VI~ 
C 
/\~ 
50 


II 
Maximum 
input current 
\.' 
1'> 
~. 
• 
'ij< = ~ 
\. Y 
1 


VOL 
Low-level outPu~ 
'~~C":~~\\ 
IO~A 
0.5 


~\\.._~) 
V .~?\~ 


_~\ 
-.......::,./..•.r1<ex ~tf\l.\'" ,)IOH 
= -2mA 
24 
3.4 
High-Ie 
ut ul voltage 
\ '\. 
""1 r Jt~ 


~ 
, 
L'd. 
IOH 
= -6.5mA 


~ 


Jcc 
= MAX. 
Vo 
= 0.5V 
Off-state output current 
VIL 
= 0.8V. 
VIH 
= 2V 
Vo 
= 24V 


Output short-circuit 
current * 
VCC 
= MAX 


VCC 
= 
MAX. 
S533 
Outputs open 
I 5534 


-1.2 


-0.25 


50 


1 


IOZH 


10S 


50 


-100 


160 


140 


* Not more than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


Switching 
Characteristics 
VCC = 5 V, TA = 25°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
S533 
SS34 
UNIT 
(See Telt 
L08dlWavetorml) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fMAX 
Maximum 
Clock frequency 
75 
100 
MHz 
tpLH 
Data to Output delay 
9 
18 
ns 


tPHL 
5 
16 
ns 
tpLH 
CL = 
15pF 
RL = 2800 
12 
22 
11 
20 
ns 
tPHL 
Clock/Gate 
to output delay 
7 
20 
8 
18 
ns 
tpZL 
Output 
Enable delay 
11 
20 
11 
20 
ns 


tpZH 
8 
17 
8 
17 
ns 


tpLZ 
Output Disable delay 
CL = 5pF 
RL = 2800 
8 
16 
7 
16 
ns 


tPHZ 
6 
13 
5 
13 
ns 


-100 


160 


140 


I 
OUT OF PHASE 
OUTPUT 
(See Nole G) 


NOTES: 
A. 
CL includes 
probe and jig capacitance. 


B. All diodes 
are 1N916 or 1N3064. 


C. For Series 54n4S, 
AO = 1K, VT = 1.5 V. 


For Series 54n4LS, 
AO = 5K, VT = 1.3 V. 


D. Waveform 
1 is for an output 
with internal 
conditions 
such that the 


output 
is low except 
when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with internal 
conditions 
such that the 
output 
is high except 
when disabled 
by the output 
control. 


E. 
In the examples 
above, the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


F. All input pulses are supplied 
by generators 
having the following 
characteristics: 
PRR :5 1 MHz, ZOUT 
= 500and: 


For Series 54/745. 
tA :5 2.5 ns, tF:5 
2.5 ns. 


For Series 54174LS and PAls, tA:5 
15 OS.tF:5 6 ns. 


G. When measuring 
propagation 
delay times of 3-state outputs, 
switches 
Sl and S2 are closed. 


8-Bit Latch, 8-Bit Register 
with 32 mA Outputs 
SN74S531 
SN74S532 


Fe.tures/ 
Benefits 


• High drive capability (IOL = 32 mAl 


• Three-state outputs drive bus lines 


• 2o-pln SKINNYDIP~ saves space 


• 8-blt data path matches byte boundaries 


• Hysteresis Improves noise margin 


• Low current PNP Inputs reduce loading 


• Ideal for microprocessor Interface 


• Pln-compatlble with SN74S373/4 - 
can be a direct 


replacement when high drive capability Is required 


Description 


In addition 
to 
the 
standard 
Sand 
LS latches 
and 
registers, 
t.1onolithic 
Memories 
provides 
increased 
output 
sink curren 


(loll from the standard 
Schottky 
IOL of20mA 
toan 
i 


mA. 


The higher 
IOL is intended 
for upgrading 
sy 


ently 
satisfy 
32-mA 
requirements 
with th 


367 A/368A 
hex buffers. 


PART 
NUMBER 


I- 
n OE is low, and 
high- 


hmitt-trigger 
buffers 
at 
the 


s im 
r v 
em 
noise 
margin 
by providing 
eresis. 


'SS328-Blt Register 


CK 
0 


t 
H 


t 
L 
Lor 
H or I 
X 


X 
X 


MonolIthIc m~n 
MemorIes 
Il1Jn.U 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
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DE 
1 
'SS32 


CK 
11 
EN 
lJC1 


5 
20 


6 
30 


9 
40 


12 
50 


15 
60 
16 
60 


70 


,!!AX 


4.75 
5 
.A(~ 


o 
/< ~J 
°G"..--. 


High 
6......-'0' 
'\'\ 
<..=/ 
~ .( (.....- 


Low 
7.3 
<'rl7~ 
'\). 
"\.'\'-::'J 


S531 
01•••••••••.'\V"/O\.~ 
\~~\~ 


S532 
_51\ 
~ 
.••••••••. 
\.\.51 
r,.....? _y ~ 


S531 
<,/"'~~I\V/,;>'101"" 
I{ 
</1,\',) 


th 
Hold time 
S532 
'.~ilf 
\) 
~ 
'\ '\ \..'-../J~ ns 


f \ 
The arrow 
indicates 
the transition 
of the clock/enable 
input 
used for reference. 
f fO~IOW.tO'hi9h 
~toition, 
I f 
( r 
"\. 
ition. 


Electrical Characteristics Over Operating 
Cond~ 
\. ~ 
~ 
';;:J) 


T 
AO 
\ 
'> '-"\.;" 
~ 
" 
'\. ~q)t9ERCIAL 
SYMBOL 
PARAMETER 
A\.~ 
t' 
( 
MI~ 
\ 
\ 'lTYP 
MAX 


VIL 
Low-level input voltage 
( { 
A\. \.V 
(\ 
\.\. ./ ) 
0.8 


VIH 
High-level input voltage 
./:::::'\ 
\ '\ 
}} 
<'"' 
.\ 
~ 


Vie 
Input clamp voltage 
A.\." 
~es.~ 
.•..<"'-. \ 'N~ 


IlL 
Low-level input currej)V/ 
~ \ 
'( 
eb)' 
MAX/, /VI"'~ 
'VV' 


IIH 
High-levelinputc;;.wlle"'tV"/ 
\.kr. = 
~VJ""YI 
="'<.RV 


II 
Maximum in;:ll.Jt<\J 
l\t\.~ 
VeGA. 
M,,· 
.'\YV= 
5.5V 


VOL 
L~e0\~'t~V"/:~~e\~~L 
= 32mA 
~~,,\\\\.\)' 
<(')~ :~v 


~ 


\.~) 
'" 
~~~~' 
MIN. 


V 
i r~routP~v, 
~ 
'\ 
\ 
~~IL 
: 
0.8V, 


-:::=>1 
//~.\) 
VIH 
- 
2V 


( 
I )~'V 
J~l~ 
Vee 
= MAX, 


••..~./.. 
. Of~e 
outp 
rrent 
VIL 
= 0.8V, 


~H 
_(/\\- 
VIH 
= 2V 


IOS//~ptX9li!ort-<:ircuit 
current * 
Vee 
= 
MAX. 
~j 
ls\\.lIY 
~rrent 
Vee 
= 
MAX, 
I 
5531 
l~\. 
"~7' 
Outputs open 
I 
5532 


I 
han one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


~hing 
Characteristics VCC = 5 V, TA = 25°C 


TEST CONDITIONS 
(See TellloadIWa.elorml) 


Absolute Maximum Ratings 
~U:~I~~~~~ar~?~.:::::::::::::::::::::::::::::::::::::::::: 
:::::::::::::::::::::::::::::::::::::::::::::::::::.'5.~~ 
Off-state output voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage temperature 
-65° to +1500G 
Operating Conditions 


COMMERCIAL 


TYP 


Supply voltage 


Operating 
free air temperature 


-1.2 
-0.25 
50 


1 


Va 
= 0.5V 


Va 
= 2.4V 


S531 
5532 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


75 
100 
fMAX 


tpLH 


IPHL 


tPLH 


tpHL 


tpZL 
tpZH 


tPLZ 
tpHZ 


-100 
160 


140 


MHz 


ns 


ns 


15 
ns 


17 
ns 


~8 
ns 
15 
ns 


12 
ns 
9 
ns 


OUTPUT 
CONTROL 
(Low-level 
enabling) 


NOTES: 
A. 
CL includes 
probe and jig capacitance, 


B. All diodes are 1N916 or 1N3064. 


C. For Series 54n4S, 
RO = 1K, VT = 1.5 V. 


D. Waveform 
1 is for an output 
with internal 
conditions 
such that the 
output 
is low except 
when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with internal 
conditions 
such that the 
output 
is high except 
when disabled 
by the output 
control. 


E. 
In the examples 
above, the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


F. 
All input 
pulses are supplied 
by generators 
having the following 
characteristics: 
PAA " 
1 MHz, ZOUT 
= SOnand: 


For Series 54n4S. 
tA" 
2.5 ns, tF" 
2.5 ns. 


For Series 54n4LS and PAls, tA S 15 ns. tF S 6 ns. 


G. When 
measuring 
propagation 
delay 
times 
of 3-5t8te 
outputs, 
switches 
51 and 82 are closed. 


a-Bit Latch, a-Bit Register 
with Inverting, 32 mA Outputs 


SN74S535 
SN74S536 


Description 


In addition 
to the 
standard 
Sand 
LS latc 


Monolithic 
Memories 
provides 
increa 


(loll 
from 
the standard 
Schottky 
0 


32 mA; also. inverting 
outputs 
inst 


ing outputs. 


The higher 
loL 
is int 


Ordering Information 


PART 


NUMBER 


SN74S535 


SN74S536 


• 
Inverting 
outputs 


• 
High-drive 
capability 
(IOL 
= 32 mAl 


• 
Three-state 
outputs 
drive 
bus lines 


• 
2O-pln SKINNYDIP® 
saves space 


• 
8-blt 
data path matches 
byte boundaries 


• 
Hysteresis 
improves 
noise margin 


• 
Low current 
PNP inputs 
reduce 
loading 


• 
Ideal for microprocessor 
Interlace 


• 
Pin-compatible 
with 
SN745533/4 
- 
can be a direct 


replacement 
when 
high-drive 
capability 
Is required 


e Inputs 
(D) to the 
igh. 
he data 
is "latched" 


. 
er loads eight bits of input 


on the rising 
edge of the clock. 


t 
are active 
when 
oE 
is low, and 
high- 


E is high. 
SChmitt-trigger 
buffers 
at 
the 


improve 
system 
noise 
margin 
by providing 


mV of hysteresis. 


I 
of the 
8-bit 
devices 
are 
packaged 
in the 
popular 
20-pin 


KINNYDIP®. 


OE 
CK 
0 
Q 


L 
1 
H 
L 
L 
1 
L 
H 


L 
Lor 
H or I 
X 
00 


H 
X 
X 
Z 


Logic Symbols 


'S535 8-Blt 
Latch 
(Inverting) 


Monolithic ~f!n 
Memories 
Il1JlUJ 


TWX: 910-338-2376 


2175 Mission College Blvd. Sante Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
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OE 
1 
G 
11 


OE 
1 


G 
11 


iQ 
10 
3 


2Q 


6 


20 
4 


3Q 


4Q 
sa 


60 


Absolute Maximum Ratings 


Supply voltage VCC 
7 V 
Input voltage 
5.5 V 
Off-state output voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5 V 
Storage temperature 
-650 to +150°C 


~ 


4.75 
5 
/\(~ 
V 


o 
~ 
~ 
-.,j7) 
°C/:::> 


High 
6 
~ 
'\ '\ 
..•••.•.••. 
I<\..~~..-- 


low 
7.3 
<(' j,3.,. 
\> 
.;-0....."\' 
::J. 


S535 
01~ 
'\ ~<Ol'V 
_ 
'\ ,,~ 
'" :::::::;/ 


S536 
~ 
\ 
,".:,""-'\)it 
/'~.A 
'\1\ ns..,... 


5535 
<" )O}\r v 
101 (\ 
.\ 
V)::-,rv 


th 
Hold time 
S536 
\."V<Sf 
\,) 
/1I::> \ '\ ,-..........,.../ ns 


Electrlca. Maximum Ratings Over Operating 
Conttltl~ 
~ 
V ~/\.~ 
V 


SYMBOL 
PARAMETER 
~~O 
\~ 
':.: 
/" 
~ 
\ 
~P 
AL 
MAX 


( I" 
\.'\ \) 
A 
'\ '\ 
)J 
V' 
0.8 


~ 
\ \ 
f) V/'\ 
\ ~'l 


Input clamp voltage 
.~ 
:c '-1Iltto/ 
J.f-... -y 
N\"'\ 


low-level 
input current 
// 
')/ :lS ~ 
MAX/./t'i'-:-~ 
",", 


High-level input cu~~t 
// 
r\'cc- 
M1.X~ (A 
="i 
''J 


Maximum 
input cVrt.e", 
.< ./1:> ':l cc = 
M'\l\.. \. 
(\I~ 
5.5V 


.A (~\' 
\.'\ 
\/' 
VCC\~ 
~Y" 


l;;::\\\" 
\V ~~~:~ -- 10l 
= 32mA 


j,/~\.~\\> 
~~: 
MAX 
~(( -}j~NOu./3tl~e))\~:~ 
: ~~V 


( 
10 
'.:::::::-' 
J~:..:::::::;/ 
VCC - 
MIN 


)Zf1 
Off-~ 
outp 
rrent 
Vil 
= 
0.8V 
~ 
~I\ 
VIH 
= 
2V 


10S ......::~p~(~ort-<ircuit 
current * 
VCC 


nv... 
C. 
B:\"\ly?Crrent 
VCC 
= 
MAX 
5535 
't'\ \.\ 
7J' 
Outputs open 
S536 


\~ 
-.4 ~ 
~ 
output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 


'\. 
ing Charct.rlallcs 
Vcc = 5 V, TA = 25°C 


~;-MBOL 
PARAMETER 
TEST CONDITIONS 
(S•• Tel' LoldlWe.efonnl' 


fMAX 


tpLH 


tpHL 


tpLH 


tpHL 


tpZL 


tpZH 


tpLZ 


tPHZ 


Supply 
voltage 


Operating 
free air temperature 


COMMERCIAL 
TYP 


-1.2 
-0.25 


50 
1 


low-level 
input voltage 


High-level input voltage 


va 
= 0.5V 


VA 
= 2.4V 


-100 
160 


140 


5535S538 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


75 
100 
MHz 


ns 


ns 


20 
ns 


18 
ns 


20 
ns 


17 
ns 


16 
ns 


13 
ns 


CL 
RO 


(SEE NOTE AI 
(SEE NOTE C) 


OUTPUT 
CONTROL 
(Low-level 
enabling) 


IN-PHASe 
OUTPUT 


OUT OF PHASE 
OUTPUT 
(See Note G) 


NOTES: 
A. 
CL includes 
probe and jig capacitance. 


B. All diodes are 1N916 or lN3064. 


C. For Series 54n4S, RO: 
lK, VT: 
1.5 V. 


D. Waveform 1 is for an output with internal conditions 
such that the 
output 
is low except 
when disabled 
by the output 
control. 


Waveform 2 is for an output with internal conditions 
such that the 
output 
is high except 
when disabled 
by the output 
control. 


E. 
In the examples 
above, 
the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


F. All input pulses are supplied 
by generators 
having 
the following 
characteristics: 
PAR :$ 1 MHz, ZOUT 
= SOU and: 


For Series 54/745. 
tR :5 2.5 os, IF:5 
2.5 os. 


For Series 54174LS and PALs, tA S 15 ns. IF:5 
6 ns. 


G. When measuring 
propagation 
delay times of 3-state outputs, 


switches 51 and 52 are closed. 


8-Bit Diagnostic Register 
SN54/74S818 


FOR 
MORE DETAIL 
SEE SECTION 
13 


Features/Benefits 


• High-drive capability: IOL = 32 mA (Com), 24 mA (Mil) 


• Assists on-line and off-line system diagnostic testing 
• Swaps the content of shadow register and output register 
• Shadow register for diagnostic testing 
• Edge-triggered "0" registers 
• Cascadable for wide control words for use In 


microprogramming 


• Features RAM write-back for writable control store 


Initialization 


• PNP Inputs for low-Input current 
• 24-pln SKINNYDIP@saves space 
4pplications 


• Register for microprogram control store 


• Status register 
• Data register 
• Instruction register 
• Address register 
• Interrupt mask register 
• Pipeline register 
• General purpose register 
• Parallel-serlal/Serlal-parallel 
converter 


Description 
The SN54174S818is an 8-bit register with diagnostic features. 
There is a shadow register in each diagnostic register. Diagnos- 
tic data is shifted in serially into the shadow register (S7-50). 
while the output register is loaded with either the content of the 
shadow register orthe input data (07-00). Moreover. 07-00 can 
also be used as the outputs from the shadow register to the data 
bus, while the outputs (B7-BO)can also be converted to inputs 
wren disabled. 
Function Table 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54S818 
JS.F,L 
Mil 


SN74S818 
NS.JS 
Com 


INPUTS 
OUTPUTS 
SEE 
OPERATION 
FIG. 
MODE 
SOl 
CLK 
DCLK 
B7-BO 
57-SO 
500 


L 
X 
t 
* 
Bn- 
On 
HOLD 
S7 
Load output register from input bus 
1 


L 
X 
* 
t 
HOLD 
Sn- 
Sn-1 
S7 
Shift shadow register data 
2 
SO- 
SOl 


L 
X 
t 
t 
Bn- 
On 
Sn- 
Sn-1 
S7 
Load output register from input bus 
1 & 2 
SO- 
SOl 
while shifting shadow register data 


H 
X 
t 
* 
Bn- 
Sn 
HOLD 
SOl 
Load output register from shadow register 
2,3,4 


H 
L 
* 
I 
HOLD 
Sn- 
Bn 
SOl 
Load shadow register from output bus 
3 


H 
L 
t 
t 
Bn- 
Sn 
Sn- 
Bn 
SOl 
Swap shadOW register and output register 


H 
H 
* 
t 
HOLD 
HOLD 
SOl 
Enable 07 -DO as outputs for RAM write-back 
4 
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CLI 
."'0" ~~ 


* The "TEST 
POINT" 
is driven 
by the output 
under 
test, 


and observed 
by instrumentation. 


CLl 
(SEE NOTE A) -: 


LOAD CIRCUIT FOR 
BI-STATE 
TOTEM· POLE OUTPUTS 


OUT OF PHASE 
OUTPUT 
(See Nole 
G) 


HIc;,~.t:~EL 
8VT 
tw VT 
_ 


LOW-LEVEL 
VT 
VT 
PULSE 


OUTPUT 
CONTROL 
(Low-level 
enabling) 


51 and 
52 closed 1.5V 


Notes: 
A. 


B. 


C. 


D. 


E. 


F. 


G. 


CL includes 
probe and jig capacitance. 


All diodes 
are 1N916 or 1N3064. 


For Series 54, RO ; 1K, VT; 
1.5V. 


For Series 54LS, RO ; 5K, VT; 
1.3V. 


Waveform 
1 is for an output 
with 
internal 
conditions 
such that the output 
is low except 


when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with 
internal 
conditions 
such that the output 
is high except 
when disabled 
by the output control. 


In the examples 
above. the phase relationships 
between 
inputs and outputs 
have been 


chosen 
arbitrarily. 


All input pulses are supplied 
by generators 
having 
the following 
characteristics: 


PRR S 1 MHz. ZOUT; 
50 nand: 
For Series 54, tA :s;2.5 ns, tF :5 2.5 ns. 
For Series 548 and PALs, tA :$ 15 ns, tF :5 6 ns. 


When measuring 
propagation 
delay times of 3-state outputs, 
switches 
81 and 82 are closed. 


Notes 
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PART NUMBER 
PART DESCRIPTION 
POWER 
POLARITY 
OUTPUT 
IOL 
COMMERCIAL 
ARCHITECTURE 
FUNCTION 
FEATURE 


74LS546 
Transceiver 
Register 
LS 
Noninvert 
Three-state 
32mA 


74LS566 
Transceiver 
Register 
Independent 
LS 
Invert 
Three-state 
32mA 
enable 
74LS547 
Transceiver 
Latch 
controls 
LS 
Noninvert 
Th ree-state 
32mA 


74LS567 
Transceiver 
Latch 
LS 
Invert 
Three-state 
32mA 


74LS646 
Transceiver 
Front 
load latch 
LS 
Noninvert 
Th ree-state 
24mA 


74LS647 
Transceiver 
Front 
load latch 
Direction 
LS 
Noninvert 
Open-collector 
24mA 


74LS646 
Transceiver 
Front 
load latch 
control 
LS 
Invert 
Th ree-state 
24mA 


74LS649 
Transceiver 
Front 
load Latch 
LS 
Invert 
Open-eollector 
24mA 


74LS651 
Transceiver 
Front 
load latch 
LS 
Invert 
Three-state 
24mA 


74LS652 
Transceiver 
Front 
load latch 
Independent 
LS 
Noninvert 
Th ree-state 
24mA 
enable 
74LS653 
Transceiver 
Front 
load latch 
controls 
LS 
Invert 
A: Open-collector 
24mA 


74LS654 
Transceiver 
Fr/Ioad 
latch 
B: Three-state 
24mA 
LS 
Non invert 


74ACT547 
Transceiver 
Latch 
Independent 
CMOS 
Noninvert 
Three-state 
12 mA 


74ACT567 
Transceiver 
Latch 
enable 
controls 
CMOS 
Invert 
Three-state 
12mA 


74ACT646 
Transceiver 
Front 
load latch 
Direction 
CMOS 
Noninvert 
Three-state 
12mA 


74ACT648 
Transceiver 
Front 
load latch 
control 
CMOS 
Invert 
Three-state 
12mA 


74ACT651 
Transceiver 
Front 
load latch 
Independent 
CMOS 
Invert 
Three-state 
12mA 


74ACT652 
Transceiver 
Front 
load latch 
enable 
controls 
CMOS 
Noninvert 
Three-state 
12mA 


74ACT793 
Readback 
Latch 
Readback 
CMOS 
Noninvert 
Three-state 
12mA 


74ACT794 
Read back 
Register 
enable 
control 
CMOS 
Noninvert 
Th ree-state 
12mA 


74LS793 
Readback 
Latch 
Readback 
LS 
Noninvert 
Three-state 
24mA 


74LS794 
Read back 
Register 
enable 
control 
LS 
Noninvert 
Three-state 
24mA 


74LS548 
!Two-stage 
pipeline 
Register 
Input, 
Output 
LS 
Noninvert 
Three-state 
32mA 
individual 
74LS549 
Two-stage 
pipeline 
Latch 
select controls 
LS 
Noninvert 
Three-state 
32mA 


74S818 
Pipeline 
Register 
Mode controls 
S 
Non invert 
Three-state 
32mA 


Small But Mighty; New Components 
Give You More Logic in Less Chips* 


Interface circuits are generally thought of as unglamorous 
bread-and-butter 
items. They have the humble role of being 


the "glue" which holds digital systems together. Contempo- 
rary custom-LSI 
wizards often claim to be on the point of 


getting 
rid of all these 
bothersome 
little 
low-complexity 


circuits, and Iyet more interface circuits are sold with each 
passing yean According 
to recent estimates, during 
1983 


the personal computer industry alone consumed one-fourth 
as many interface 
circuits 
as all users consumed 
during 


1982. FigurE11 graphically 
portrays a realistic scenario for 


interface for the next few years-everything 
else will shrink, 
so interface 
will grab an increasing 
share of board area 


in the future! 


"INTEllFACE 
CIl1CUITS ... 
THE 'GLUE' 


WHICH HOLDS OIGITAL. S'ISTEMS 
TOGETHEll ... 
" 


What this means to you isthat, if interface does its part and does 
some shrinking too, you'll get some major shrinkage in your 
overall syste~.lnterface is low-eomplexity stuff to start with, and 
over the yearshthas stubbornly resisted being shrunk. Nonethe- 
less,today Monolithic Memories offers a broad line of interface 
parts which arose from commonly-encountered circumstances, 
and which - 
'l"here they fit your design - 
shrink parts count by 


a factor of 2:1. Unsurprisingly, they are called "Double-Density 
PLUS Interface." Actually, under optimal conditions certain of 
these parts cah shrink your parts count by as much as 4:1. 


Double-Density 
PLUS" 
Interface 
can do wonders 
to 


compress 
the physical 
size of your 
logic. 
Consider, 
for 


example, a simple sychronous 
cross-connection 
between 


two 8-bit 
microprocessor 
buses, capable 
of transferring 


information in either direction one byte at time. This cross- 
connection 
can be implemented 
using two 'LS374 8-bit 


noninverting registers, connected "back-to-back" 
- 
that is, 
each 'LS374 has all of its eight outputs tied respectively to the 
eight inputs of the other one. Together, these two parts total 40 
pins and 2 (0.6'1.1) = 2 (0.66) = 1.32square inches, allowing for 
100 mils end clearance and 300 mils side clearance as is com- 
mon practice in board layout. 


You may notice that. when these two parts are considered 
as a functional block, far fewer than 40 pins go to the outside 
world; there are only the 16 data pins corresponding 
to the 
two 8-bit buses, two clock pins, two output-enable 
pins, and 
power and ground. Now, since Monolithic 
Memories 
also 
noticed back-to-back 
'LS374s as an attractive low-pin-count 
combination 
a couple 
of years ago, today you have the 
option 
of replacing 
both of these 'LS374's 
with a single 
24-pin, 
300-mil 
"SKINNYDIP"" 
'LS546, 
which 
takes up 
only (0.6'1.3) = 0.78 square inches of your board - 
slightly 


more than half as much board area as the two 'LS374s. 
To summarize: 


DESIGN 
BOARD AREA 
WIRE 
ENDS 


SOLUTION 
Sq. In. 
Normalized 
Pin Count 
Normalized 


Two'LS374s 
1.32 
1.00 
40 
1.00 


One'LS546 
0.78 
0.59 
24 
0.60 


SKINNYOIP@! is a (egistered 
trademark of Monolithic 
Memories. 


DOUble-Density-PLUS'· 
Is a trademark 
of Monolithic 
Memories. 
TWX: 910-338-2376 
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Small but Mighty; New Components 
Give You More Logic in Less Chips 


Unit IC Consumption 
per System 


You also pick up some other benefits along the way making 
this swap. The two registers within the 'LS546 are appreciably 
faster than the 'LS374s, and also have a higher output drive 
- 
32 mA sinking 
current 
instead of 24 mA. The 'LS546 


and 'LS566 have clock enables which operate independently 
for 
each 
register. 
The 
'LS546 
also 
has a cleaned-up 


"structured" 
pinout 
with 
the 8 pins for each data bus 


together, 
each 
bus having 
its own 
side 
of the 
24-pin 


dual-inline 
package. 


The 'LS546 is comprised of two non-inverting edge-triggered 
registers. If you are dealing with assertive-low 
buses and 


need inverting registers, use an 'LS566. If you prefer latches 
to registers, 
use either 
an 'LS547 
(non-inverting) 
or an 


'LS567 (inverting). All of these parts have a common "back- 
to-back" internal architecture, as shown in Figure 2. 


'--------l 
I ~-+-t-----+-~! 
~ CONTROLS 


DATA -7~8/~·-1~ 
i. :6/ . 
DATA 


I 
I 
8 
L 
_ 


Two more families of back-to-back 
parts also come in the 


same pinout: the 'LS646/7/8/9 
family, and the 'LS651/2/3/4 


family. These differ from each other in enable structure; the 
'LS646 et. al. have a "direction-control 
line" so that you 


can't perform certain operations 
on both sides of the part 


simultaneously, 
whereas the 'LS651 et. al. have generally 


independent 
operations 
on both sides. In each of these 


families there are two non-inverting 
parts and two inverting 


parts; in each case, there 
is a three-state 
part and an 


open-collector 
part. All of the parts from both families are 


comprised of "front-loading-latch" 
individual elements (see 


b,;AfC 


SACl<-'-o-!W:1< COWFIGURA'-,ot,l 


Figure 3); a front-loading latch is an edge-triggered flipflop in 
parallel with a buffer, so that the data can be piped through the 
buffer to reach the output rapidly and then can besubsequently 
recorded in the flipflop. It is also possible, in a front-Ioading- 
latch structure, to pipe data temporarily around the flipflop to the 
output without ever recording it in the flipflop. The 'LS64617/8/9 
feature hysteresis on their data inputs aswell as on their control 
inputs, which makes them function well in high-noise environ- 
ments. The 'LS653/4 are open-collector 
in one direction, but 


three-state in the other direction. 


Small but Mighty; New Components 
Give You More Logic in Less Chips 


Then there are two "readback" 
parts, which consists of a 


latch or register 
back-to-back 
with a buffer: 
the 'LS793 


readback lat~h, and the 'LS794 readback register. Both of 
these are just 20-pin, and hence offer a full 2:1 saving in 
board area as well as in parts count. They have structured 
pinouts compatible with those of the 'LS573 and 'LS574, but 
a very different internal architecture; each of the 8 elements 
(latch or flipflop) has 2 outputs, one of which is totem-pole 
and goes to the presumed "output pin" of that element, and 
the other of which is three-state and goes back to the "input 
pin" for the element (see Figure 4). Thus, it is possible to 
read the con~E;ntsof an 'LS793 or 'LS794 from its input 
lines 


by enabling its three-state outputs. 


r-----------l 


CLOCK GATE 
I I 
~ 
I 
/ 
DATA 
./.... 
. 
/8 
~ 
I 


I 
I 
L_____ 
_ 
J 


OE 


The 'LS793 and 'LS794 are intended for use in decentralized 
systems, for instance industrial-control 
systems in which a 


large number of slowly-changing 
setpoints and displays are 


under the control of a central microprocessor. The readback 
feature 
permits 
reading 
one of these, 
updating 
it, and 


replacing it. vyithout the readback feature, the system would 
have to keep a redundant 
copy of the setpoint or display 


value in main memory, which could cause additional system 
overhead 
due to the time-slicing 
of the microprocessor's 


activities, 
or even due to virtual-memory 
page-faulting 
in 


larger systems. Moreover. there 
is the reliability 
issue of 


whether the alleged redundant copy always agrees exactly 
with the real thing out there in the register controlling 
the 


actuator or th~ display, and what happens whenever it doesn't. 


CONFIGURATION 
LATCHES 
REGISTERS 


Back-to-Bac~ 
'547('373) 
'546('374) 


UR 
'567('533) 
'566('534) 


Back-to-Back 
'646/7('374) 


Front-Loading 
'648/9('534) 


Latches 
'652/4('374) 
'651/3('534) 


Readback UR 
'793('373) 
'794('374) 


Note that the bracketed part numbers represent the element 
inside the Double-Density PLUS Interface. For example, a '245 
can replacetwo '244sand a '546can replace two '374s.The same 
holds true for the '646and '651series. However the '7931'794 are 
the equivalent crta '373/'374and a readback butter such asa '244. 


Table 2 is a summary of the DOUble-Density PLUS Interface 
product presently available from Monolithic Memories. 


Two other common and intuitively-plausible 
combinations of 


a couple of 8-bit latches or registers are "nose-to-tail" 
(one 


after the other), and "side-by-side" (alternate). If two registers 
are used in a nose-to-tail combination, for instance, data from 
the inputs enters the first register when it is clocked, and 
the outputs of the first register are the inputs of the second 
register. and thus the same data finally reach the outputs of 
the combination 
when the second register is subsequently 


clocked. 
And, if two registers are used in a side-by-side 


combination, 
their inputs come from the same input bus, 


and their outputs go to the same output bus, but they can 
be controlled 
separately and the output bus can be driven 


from either one. 


Although the nose-to-tail configuration 
and the side-by-side 


configuration 
seem quite different, 
with the provision 
of 


some internal multiplexing the same Double-Density 
PLUS" 


Interface part can satisfy both requirements. 
Such a part is 


called a pipeline - 
register or latch, as the case may be. The 


internal 
architecture 
of a two-level 
pipeline 
is shown 
in 


Figure 5. 


1-------------1 
I 
8 
I 
I 
I 
8 I 


CONTROLSI 
8 
8 


~ 
I 
L 
I 


The 'LS548, with the edge-triggered registers, and the 'LS549, 
with latches, follow the Figure 5 block diagram exactly. Their 
pinouts resemble those of 'LS546, 'LS646, and 'LS651 families. 
Their speeds are similar, and they also feature 32-mA-IOL 
outputs. 
Typical applications tor Double-Density PLUS Interface include 
computer 
peripherals, minicomputers, 
and microcomputers. 


Applications for the open-collector parts are in the telecommun- 
ication and games areas. The drive ot these parts enables them 
to drive heavily-loaded buses, and flat cables. 


Monolithic mMemorIes 


8-Bit Buffer Transceiver 
SN54LS245 


• Three-state outputs drive bus lines 


• low current PNP Inputs reduce loading 


• Symmetric - 
equal driving capability In each direction 


• 8-blt data path matches byte boundaries 


• Ideal for microprocessor Interface 


• Pin-compatible with SN54lS645 - 
Improved speed, 
III and IOZl specifications 


Description 


These a-bit bus transceivers are designed for asynchronous 
two-way communication between data buses.The control func- 
tion implementation minimizes external timing requirements. 


The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the logic level at 
the direction-eontrol 
(DIR) input. The enable input (E) can be 
usedto disablethe devicesothatthe busesareeffectively isolated. 


PART 
TYPE 
TEMP 
POLARITY 
POWER 
NUMBER 


SN54LS245 
J,L,W 
Mil 
Noninvert 
LS 


ENABLE 
DIRECTION 


E 
CONTROL 
OPERATION 
DIR 


L 
L 
B data to A bus 
L 
H 
A data to B bus 
H 
X 
Isolated 


MonolIthIc ~T!n 
MemorIes 
U1Jn.U 
TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 
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Absolute Maximum Ratings 


Supply voltage VCC .....................................•................................................. 
-0.5 V to 7 V 
Input voltage 
.............•..•.....•..........................•..•..•.........•..•............•........... 
-1.5 V to 7 V 
Off-state output voltage ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . .. 
-0.5 V to 5.5 V 
Storage temPfrature 
.......................................•......................................... 
-65°C to +150°C 
Operating Conditions 


SYMBOL 
PARAMETER 
MILITARY 


UNIT 
MIN 
TYP 
MAX 


Vcc 
Supply voltage 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-55 
125 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
UNIT 
MIN 
TYP 
MAX 


VIL 
Low-level input voltage 
0.7 
V 


VIH 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC= MIN 
II = -18 mA 
-1.5 
V 


6VT 
Hysteresis (VT+-VT ) A or B 
VCC= MIN 
0.2 
0.4 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.2 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = 2.7 V 
20 
J.1.A 


II 
Maximum 
I AorB 
VCC = MAX 
VI = 5.5 V 


0.1 
mA 
input current 
I DIR or E 
VI = 7.0 V 


VCC= MIN 


VOL 
Low-level output voltage 
VIL 
= MAX 
10L = 12 mA 
0.25 
0.4 
V 


VIH = 2 V 


VCC= MIN 
10H= -3mA 
2.4 
3.4 
VOH 
High-level output voltage 
VIL 
= MAX 
IOH=-12 mA 
V 
VIH = 2 V 
2 


10ZL 
VCC= MAX 
VO=0.4V 
-200 
J.1.A 
Off-state output current 
VIL 
= MAX 


10ZH 
VIH 
= 2 V 
VO= 2.7 V 
20 
J.1.A 


10S 
Output short-circuit current* 
VCC= MAX 
-40 
-225 
mA 


Outputs 
48 
70 
High 


ICC 
Supply 
Outputs 
Vcc = MAX. Outputs open 
62 
90 
mA 
Current 
Low 


Outputs 
64 
95 
Disabled 


.• Not more than ~ne output should be shorted at a time and duration 01 the short-circuit 
should not exceed one second. 


Switching Characteristics 
VCC = 5 V, TA = 25°C 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
A to B DIRECTION 
B to A DIRECTION 
UNIT 
(See Tel' loadIW8veforml) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
8 
12 
8 
12 
ns 


tPHL 
Data to output delay 


8 
12 
8 
12 
ns 


tPZL 


CL = 45 pF 
RL = 667 n 
27 
40 
27 
40 
ns 


tPZH 
Output enable delay 


25 
40 
25 
40 
ns 


tPZL 
Output disable delay 
15 
25 
15 
25 
ns 


tPHZ 


CL = 5 pF 
RL = 667n 
15 
25 
15 
25 
ns 


CL 


(SEE NOTE A)I 


* The "TEST POINT" is driven by the output 
under test, 


and observed 
by instrumentation. 
lS2 


OUT OF PHASE 
OUTPUT 


(See Note G) 


3V 
OUTPUT 
CONTROL 
DV 
(Low-level 
enabling) 


VOH 
WAVEFORM 1 
VOL 
(See Note 0) 


VOH 


VOL 
~:'~E~~t:MD: 
S1 open S2 closed 
DV 


Sl and 
S2 closed 1.5V 


Notes: 
A. CL includes 
probe and jig capacitance. 


B. All diodes 
are lN916 
or lN3064. 


C. For Series 54LS, RO = 5 K, VT = 1.3 V. 


D. Waveform 
1 is for an output 
with 
internal 
conditions 
such that the 
output 
is low except 
when disabled 
by the output 
control. 


Waveform 2 is for 2" output with internal conditions 
such that the 


output 
is high except when disabled 
by the output 
control. 


E. In the examples 
above, the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


F. All input 
pulses are supplied 
by generators 
having 
the following 


characteristics: 
PRR $: 1 MHz. ZOUT 
= 50 nand: 


For series 54S, tR ~ 2.5 ns, tF :S2.5 ns. 
For Series 54LS, tR ~ 15 ns, tF ~ 6 ns. 


G. When measuring 
propagation 
delay times of three-state 
outputs. 


switches 
81 and 82 are closed. 


8-Bit Buffer Transceivers 
SN54LS645 


Features/Benefits 


• Three-state 
outputs 
drive bus lines 


• 
Low current 
PNP Inputs 
reduce 
loading 


• Symmetric 
- 
equal 
driving 
capability 
In each direction 


• B-blt data path matches 
byte boundaries 


• 
Ideal for ml~roprocessor 
Interface 


Description 


These 
B-bit 
bus transceivers 
are designed 
for 
asynchronous 
two-way 
communication 
between 
data buses. The control 
func- 
tion 
impleme1tation 
minimizes 
external 
timing 
requirements. 


The device allows 
data transm ission from the A bus to the B bus 


or from 
the B bus to the A bus depending 
upon the logic level at 
the direction-eontrol 
(DIR) 
input. 
The enable 
input 
(E) can be 
used to disable the device so thatthe 
buses are effectively 
isolated. 


All 
of the 
B-bit 
devices 
are 
packaged 
in the 
popular 
20-pin 


SKINNYDIP. 


PART 
TYPE 
TEMP 
POLARITY 
POWER 
NUMBER 


SN54LS645 
J,L,W 
Mil 
Non invert 
LS 


DIRECTION 
ENABLE 
CONTROL 
OPERATION 
E 
DIR 


L 
L 
B data to A bus 


L 
H 
A data to B bus 
H 
X 
Isolated 


IEEE Symbol 


SN54LS645 
E 


DIR 


A1 
81 


A2 
17 
82 


A3 
4 
16 
83 


A4 
15 
B4 


A5 
14 
85 


A6 
13 
86 


A7 
12 
87 


A6 
9 
11 
86 


TWX: 
910-338-2376 
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Mission 
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Absolute Maximum Ratings 


TnU:~I~~~~~a;e.~~.~. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: =~:;~:~~~ 
Off-state output voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .. 
-0.5 V to 5.5 V 


Storage temperature 
-65°C to +150°C 
Operating Conditions 


MILITARY 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


Vcc 
Supply voltage 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-55 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
UNIT 
MIN 
TYP 
MAX 


VIL 
Low-level input voltage 
0.7 
V 


VIH 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC = MIN 
11=-18mA 
-1.5 
V 


tiVT 
Hysteresis (VT+-VTJ A or B 
VCC = MIN 
0.2 
0.4 
V 


IlL 
Low-level input current 
VCC = MAX 
VI = 0.4 V 
-0.2 
mA 


IIH 
High-level input current 
VCC = MAX 
VI = 2.7 V 
20 
p.A 


II 
Maximum 
I A orB 
VCC = MAX 
VI = 5.5 V 


0.1 
mA 
input current 
I DIR or E 
VI = 7.0 V 


VCC= MIN 


VOL 
Low-level output voltage 
V1L = MAX 
10L = 12 mA 
0.25 
0.4 
V 


VIH = 2 V 


VCC = MIN 
10H = -3mA 
2.4 
3.4 
VOH 
High-level output voltage 
VIL 
= MAX 
V 


VIH = 2 V 
IOH=-12 mA 
2 


10ZL 
VCC= MAX 
Vo = 0.4 V 
-200 
p.A 


Off-state output current 
V'L 
= MAX 


10ZH 
VIH 
= 2 V 
VO=2.7V 
20 
p.A 


'OS 
Output short-circuit current' 
VCC = MAX 
-40 
-225 
mA 


Outputs 
48 
70 
High 


ICC 


Supply 
Outputs 
Vcc = MAX. Outputs open 
62 
90 
mA 
Current 
Low 


Outputs 
64 
95 
Disabled 


* Not more than one output should be shorted at a time and duration of the short-circuit 
should not exceed one second. 
Switching Characteristics 
VCC = 5 V, TA = 25°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
A to B DIRECTION 
B to A DIRECTION 
UNIT 
(See 
Tes. L08dlW.veforml) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tPLH 
8 
15 
8 
15 
ns 


tpHL 
Data to output delay 
11 
15 
11 
15 
ns 


tpZL 


CL = 45 pF 
RL = 667!1 
31 
40 
31 
40 
ns 


tPZH 


Output enable delay 
26 
40 
26 
40 
ns 


tPLZ 
Output disable delay 
15 
25 
15 
25 
ns 


tPHZ 


CL = 5 pF 
RL = 667!1 
15 
25 
15 
25 
ns 
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CL 


(SEE NOTE A)I 
RO 
(SEE 
NOTE C) 


OUT 
OF PHASE 
OUTPUT 
(See Note 
G) 


OUTPUT 
CONTROL 
(Low-level 
enabling) 


Notes: A. CL includes probe and jig capacitance. 


B. All diodes are 1N916or 
1N3064. 


C. For Series 54LS, AO = 5 K, VT = 1.3 V. 


D. Waveform 
1 is for an output 
with internal 
conditions 
such that the 
output 
is low except when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with internal 
conditions 
such that the 
output 
is high except 
when disabled 
by the output 
control. 


E. In the examples 
above. the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


F. All input pulses are supplied 
by generators 
having 
the following 
characteristics: 
PRR :5 1 MHz. ZOUT 
:= 50 nand: 


For series 545, IR :s:2.5 ns, IF ~ 2.5 ns. 
For Series 54LS, tA :s:15 os, IF :5 6 ns. 


G. When measuring 
propagation 
delay times of three-state 
outputs, 
switches 
51 and 82 are closed. 


Monolithic mMemories 


a-Bit Bus Register Transceivers 
and Latch Transceivers 
SN54/74LS546 
SN54/74LS547 


SN54/74LS566 
SN54/74LS567 


• 
Bidirectional 
transceivers 
utilizing 
registers 
or latches 


• 
Faster than other 
LS- TTL reglstersllatches 


• 
Independent 
reglstersllatches 
for A bus and B bus 


• 
Data can be swapped 
between 
Internal 
reglstersllatches 


• 
8-bit 
data paths 
match 
byte boundaries 


• 
'LS546/547/566/567 
can replace 
two 'LS374/373/534/533 


devices 


• 
Independent 
clock/gate 
enables 
for rank A and rank 
B 


• 
High drive capability: 
IOL = 32 mA (COM), 
24 mA (MIL) 


• 
24-pin 
SKINNYDIP@savesspace 


• 
Three-state 
outputs 
drive 
bus lines 


• 
The clock, 
clock-enable, 
and latch-enable 
inputs 
typically 


have 300 mV hysteresis 


There 
are independent 
clock 
and clock 
eflable 
controls 
for the 
two 
directions 
namely 
CKA, 
CKB, 
CKEA, 
CKEB 
for 
'LS546/ 


fLS566, 
and 
independent 
gate enable 
control 
GAl, 
GA2, 
GBl 


and GB2 for 'LS547/'LS567. 
The CKAIB 
and CKEAlB 
can con- 


trol the internal 
registers 
AlB to load data or hold data. Similarly, 


the GAl, 
GA2, 
GBl 
and 
GB2 can govern 
the internal 
latches, 


AlB 
to pass or hold data. 


Description 


These devices 
are comprised 
of a pair of 8-bit 
registers 
('LS546, 


'LS566), 
or a pair of 8-bit 
latches 
('LS547, 
'LS567). 


The direction 
of operation 
is controlled 
by OEAB 
and 
OEBA. 


When 
OEAB 
is Low 
and 
OEBA 
is High, 
the operation 
of the 


registers/latches 
is A-to-B 
direction; 
when 
OEAB 
is High 
and 


OEBA 
is low, the operation 
of the 
registers/latches 
is B-to-A 


direction; 
when 
OEAB 
and OEBA 
both are High, the A, B buses 
both are inputs, 
data will be stored 
into registers/latches; 
when 


OEAB and OEBA 
both are Low, the A, B buses both are outputs, 


data will transfer 
from 
internal 
registersllatches 
to A, B buses. 


There 
are independent 
clock 
and clock 
enable 
controls 
for the 


two 
directions: 
namely 
CKA, 
CKB, 
CKEA 
and 
CKEB 
for 
'LS546/'LS566, 
and independent 
gate enable control 
GA 1, GA2, 
GBl 
and GB2 for 'LS547I'LS567. 
The CKAIB 
and CKEAlB 
can 
control 
the 
internal 
registers 
AlB 
to 
load 
data 
or hold 
data. 


Similarly, 
the 
GAl, 
GA2, 
GBl 
and 
GB2 
govern 
the 
internal 


latches, 
AlB 
to pass or hold data. 


The 'LS546f547 
provide 
non-inverting 
polarity; 
the 'LS566/'LS567 


provide 
inverting 
polarity. 
The 'LS546I'LS547/'LS566/'LS567 
all 
have 3-state 
outputs, 
and have 32-mA 
output 
drive 
IOL (COM) 


over the commercial 
temperature 
range and 24-mA 
output 
drive 


IOL (MIL), 
over the military 
temperature 
range. 


All of the devices 
are packaged 
in the 
popular 
24-pin 
SKIN- 


NYDIP 
package. 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 
POLARITY 
TYPE 
POWER 


SN54LS546 
JS, W, L (28) 
Mil 


SN74LS546 
NS, JS, NL (28) 
Com 
Register 


SN54LS547 


Non-invert 
JS, W, L (28) 
Mil 


SN74LS547 


Latch 
NS, JS, NL (28) 
Com 


SN54LS566 
JS, W, L (28) 


LS 


Mil 


SN74LS566 
NS, JS, NL (28) 
Com 
Register 


SN54LS567 
Invert 
JS, W. L (28) 
Mil 


SN74LS567 


Latch 
NS, JS, NL (28) 
Com 
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SN54174LS546 
REGISTER 
TRANSCEIVER 
NON-INVERTING 
OUTPUTS 
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SN54n4LS547 
LATCH TRANSCEIVER 
NON-INVERTING OUTPUTS 


SN54n4LS566 
REGISTER 
TRANSCEIVER 
INVERTING 
OUTPUTS 


SN54/74LS567 
LATCH TRANSCEIVER 
INVERTING OUTPUTS 


'LS546 
(Non-Inverting) 
'LS547 
(Non-Inverting) 


ABUS 
ABUS 


CKEA 
OEBA 


GAl 
OEBA 
CKA 
GA2 


CKEB 
OEAB 
GBl 
OEAB 
CKB 
GB2 


B BUS 
BBUS 


'LS566 
(Inverting) 
'LS567 
(Inverting) 


ABUS 
ABUS 


CKEA 
OEBA 


GAl 
OEBA 
CKA 
GA2 


CKEB 
OEAB 
GBl 
OEAB 
CKB 
GB2 


B BUS 
B BUS 
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SM54/74LS546 
SN54/74LS547 
SN54/74LS566 
SN54/74LS567 


IEEE Symbols 


'LS546 
'LS547 


CEliA 
21 
OEBA 
21 
ENI [BA) 
ENI [BA) 


OEAB 
3 
OEAB 
3 
EN2[AB) 
EN2 [AB] 
1 
GAl 
1 


CKA 
4C3 
2 
GA2 
2 
;,1 
C3 
CKEA 
G4 
23 
GBI 
23 


CKB 
6C5 
;,1 
C4 
till 
22 
GB2 
22 
G6 


20 
20 
AO 
'VI 
<l 
50 
BO 
AO 
'VI 
<l 
40 
BO 


3D 
t> 
2'V 
3D 
t> 
2'V 


19 
19 
Al 
Bl 
Al 
Bl 


18 
18 
A2 
B2 
A2 
B2 


17 
17 
A3 
B3 
A3 
B3 


16 
16 
A4 
B4 
A4 
B4 


15 
15 
AS 
B5 
AS 
B5 


14 
10 
14 
A6 
B6 
A6 
B6 


13 
11 
13 
A7 
B7 
A7 
B7 


'LS566 
'LS567 


OEBA 
21 
ENI [BA) 
OEBA 


21 
ENI [BA] 


OEAB 
3 
EN2 [AB) 
OEAB 
3 
EN2 [AB] 


1 
1 


CKA 
4C3 
GAl 


CKEA 
2 
GA2 
2 
;,1 
C3 
G4 
23 
23 
CKB 
6C5 
GBI 
;,1 
C4 
22 
22 
CKEii 
G6 
GB2 


4 
20 
20 
AO 
'VI 
<l 
50 
BO 
AO 
'VI 
<l 
40 
BO 


3D 
t> 
3D 
t> 


19 
19 
Al 
Bl 
Al 
Bl 


18 
18 
A2 
B2 
A2 
B2 


17 
17 
A3 
B3 
A3 
B3 


16 
16 
A4 
B4 
A4 
B4 


15 
15 
AS 
B5 
AS 
B5 


10 
14 
10 
14 
A6 
B6 
A6 
B6 


11 
13 
11 
13 
A7 
B7 
A7 
B7 
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SN54/74LS546 
SN54/74LS547 
SN54/74LS566 
SN54/74LS567 


IFunction Table 
Nomenclature 
Description 


AO-A7: 


BO-B7: 
x: 


Eight 
inpuVoutput 
pins on the A side. 


Eight 
inpuVoutput 
pins on the B side. 


H or L state irrelevant 
("Don't 
Care" conditions). 


GA1/GA2: 


GB1/GB2: 


QoAlQoB: 


Gate enables 
for rank A of 'LS547/'LS567. 


Gate enables 
for rank B of 'LS547/'LS567. 


Previous 
data of the internal 
rank AlB. 


GA1 
GA2 
RANK 
A 
GB1 
GB2 
RANKB 


X 
L 
Enabled 
X 
L 
Enabled 
(Flush) 
(Flush) 


X 
L 
Enabled 
L 
H 
Disabled 
(Flush) 
(Freeze) 


X 
L 
Enabled 
H 
X 
Enabled 
(Flush) 
(Flush) 


L 
H 
Disabled 
H 
X 
Enabled 
(Freeze) 
(Flush) 


L 
H 
Disabled 
X 
L 
Enabled 
(Freeze) 
(Flush) 


L 
H 
Disabled 
L 
H 
Disabled 
(Freeze) 
(Freeze) 


H 
X 
Enabled 
X 
L 
Enabled 
(Flush) 
(Flush) 


H 
X 
Enabled 
L 
H 
Disabled 
(Flush) 
(Freeze) 


H 
X 
Enabled 
H 
X 
Enabled 
(Flush) 
(Flush) 


Ci<EAtCiffii: 


CKAICKB: 


UC: 


t: 


H or L or I case (nonclocked 
operation). 


Positive 
edge of CK causes 
clocking, 
if clock 
enable 
is asserted. 


CKA 
CKEA 
RANK 
A 
CKB 
CKEB 
RANK 
B 


UC 
X 
Disabled 
UC 
X 
Disabled 


t 
L 
Enabled 
t 
L 
Enabled 


t 
L 
Enabled 
t 
H 
Disabled 


t 
H 
Disabled 
t 
L 
Enabled 


t 
H 
Disabled 
t 
H 
Disabled 


OEAB: 
C5EB'A: 


To enable 
the A-to-B 
operation. 


To enable 
the B-to-A 
operation. 


OEAB 
OEBA 
OPERATION 
DIRECTION 


L 
L 
A, B buses 
both 
are outputs 
(Transfer 
stored 
data to bus stored) 


L 
H 
A-to-B 


H 
L 
B-to-A 


H 
H 
A, B buses both are inputs 
(storage) 


(GAlj) 
CKA 
1 


(GA2j) 
CKEA 
2 
CKB (GBltl 


CKEB (GB2j) 


SN74LS546 
SN74LS566 
SN74LS547 
SN74LS567 


DIRECTION 
DATA 1/0 
CLOCK 
CLOCK 


OPERATION 
CONTROL 
BLOCK 
DIAGRAM 
ENABLE 
(A) 
RANK A 
ENABLE 
(B) 
RANK 
B 


OEAB 
OEBA 
AO-A7 
BO-B7 
CKA 
CKEA 
CKB 
CKEB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
1 
L 
B bus 


A 
UC 
X 
OoA 
1 
H 
OoB 
.~ 
ml 


1 
L 
A bus 
UC 
X 
OoB 


Storage 
H 
H 
Input 
Input 
1 
L 
A bus 
t 
L 
B bus 


1"':KI 
B 
I 
L 
A bus 
t 
H 
OoB 


BUS 
t 
H 
OoA 
UC 
X 
OoB 


t 
H 
OoA 
t 
L 
B bus 


t 
H 
OoA 
t 
H 
OoB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
t 
L 
B bus 


I 


A 
UC 
X 
OoA 
t 
H 
OoB 
BUS 


"'""1 


Output 
IL~ 


t 
L 
Rank B 
UC 
X 
OoB 
B-to-A 
Operation 
H 
L 
of 
Input 
t 
L 
Rank B 
t 
L 
B bus 


Rank B 
B 
t 
L 
Rank B 
t 
H 
OoB 
BUS 
t 
H 
OoA 
UC 
X 
OoB 


I 
t 
H 
OoA 
t 
L 
B bus 


t 
H 
OoA 
t 
H 
OoB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
t 
L 
Rank A 


A 
UC 
X 
OoA 
t 
H 
OoB 


I 
.~ 
m I 


t 
L 
A bus 
UC 
X 
OoB 
A-to-B 
Output 


~B 


Operation 
L 
H 
Input 
of 
t 
L 
A bus 
t 
L 
Rank A 
Rank A 
t 
L 
A bus 
1 
H 
OoB 


BUS 
t 
H 
OoA 
UC 
X 
OoB 


t 
H 
OoA 
t 
L 
Rank A 


t 
H 
OoA 
t 
H 
OoB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
t 
L 
Rank A 


A 
UC 
X 
OoA 
t 
H 
OoB 
BUS 


~ 


Transfer 
Output 
Output I 


1 
L 
Rank B 
UC 
X 
OoB 


Stored 
L 
L 
of 
of 
t 
L 
Rank B 
t 
L 
Rank A 


Data 
Rank B Rank A 
B 
t 
L 
Rank B 
t 
H 
OoB 
BUS 


t 
H 
OoA 
UC 
X 
OoB 


t 
H 
OoA 
t 
L 
Rank A 


t 
H 
OoA 
t 
H 
OoB 
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DIRECTION 
DATA I/O 
GATE 
GATE 


PPERATION 
CONTROL 
BLOCK DIAGRAM 
ENABLE (A) 
RANK 
A 
ENABLE (B) 
RANK B 


OEAB 
OEBA 
AO-A7 
BO-B7 
GA1 
GA2 
GB1 
GB2 


L 
H 
QoA 
L 
H 
QoB 


I 


L 
H 
QoA 
H 
X 
B bus 


I 
A 
L 
H 
QoA 
X 
L 
B bus 


I 
.~ 
~ 


H 
X 
A bus 
L 
H 
QoB 


Storage 
H 
H 
Input 
Input 
RJ 
B 


H 
X 
A bus 
H 
X 
B bus 


H 
X 
A bus 
X 
L 
B bus 


I 
BUS 


I 


X 
L 
A bus 
L 
H 
QoB 


I 
X 
L 
A bus 
H 
X 
B bus 


X 
L 
A bus 
X 
L 
B bus 


L 
H 
QoA 
L 
H 
QoB 


! 


L 
H 
QoA 
H 
X 
B bus 


A 
L 
H 
QoA 
X 
L 
B bus 


BUS 
···~I 


H 
X 
Rank B 
L 
H 
QoB 
B-to-A 
Output 


LEE] 


Operation 
H 
L 
of 
Input 
H 
X 
Rank B 
H 
X 
B bus 


Rank B 
H 
X 
Rank B 
X 
L 
B bus 


B 


I 


BUS 
X 
L 
Rank B 
L 
H 
QoB 


X 
L 
Rank B 
H 
X 
B bus 


X 
L 
Rank B 
X 
L 
B bus 


L 
H 
QoA 
L 
H 
QoB 


I 
L 
H 
QoA 
H 
X 
Rank A 


I 
I 
A 
L 
H 
QoA 
X 
L 
Rank A 


Output .~ 
ffi I 


H 
X 
A bus 
L 
H 
QoB 
A-to-B 


~B 


Operation 
L 
H 
Input 
of 
H 
X 
A bus 
H 
X 
Rank A 


Rank A 
H 
X 
A bus 
X 
L 
Rank A 


BUS 


X 
L 
A bus 
L 
H 
QoB 


X 
L 
A bus 
H 
X 
Rank A 


X 
L 
A bus 
X 
L 
Rank A 


L 
H 
QoA 
L 
H 
QoB 


I 


L 
H 
QoA 
H 
X 
Rank A 


A 
L 
H 
QoA 
X 
L 
Rank A 


Transfer 
Output 
Output "lpl 


H 
X 
Rank B 
L 
H 
QoB 


Stored 
L 
L 
of 
of 
H' 
X 
Rank B 
H 
X 
Rank A 
Data 
Rank B Rank A 
H' 
X 
Rank B 
X 
Rank A 
L 


BUS 


X 
L 
Rank B 
L 
H 
QoB 


X' 
L 
Rank B 
H 
X 
Rank A 


X' 
L 
Rank B 
X 
L 
Rank A 


1 NOTE: These controls for OEAB, OEBA, GAl, 
GA2, GBl 
and GB2 can cause race conditions. 


MonolithicmMemories 


DIRECTION 
DATA 1/0 
CLOCK 
CLOCK 


OPERATION 
CONTROL 
BLOCK 
DIAGRAM 
ENABLE 
(A) 
RANKA 
ENABLE 
(B) 
RANK 
B 


OEAB 
OEBA 
AO-A7 
BO-B7 
CKA 
CKEA 
CKB 
CKEB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
1 
L 
B bus 


A 
UC 
X 
OoA 
t 
H 
OoB 
.~ 
EBI 


1 
L 
A bus 
UC 
X 
OoB 


Storage 
H 
H 
Input 
Input 
1 
L 
A bus 
1 
L 
B bus 


\ RA:K I 
B 
t 
L 
A bus 
1 
H 
OoB 


BUS 
1 
H 
OoA 
UC 
X 
OoB 


1 
H 
OoA 
1 
L 
B bus 


t 
H 
OoA 
t 
H 
OoB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
I 
L 
B bus 


A 
UC 
X 
OoA 
t 
H 
OoB 


Output r~~1 


1 
L 
Rank B 
UC 
X 
OoB 


B-to-A 
Operation 
H 
L 
of 
Input 
1 
L 
Rank B 
t 
L 
B bus 


Rank B 
1 
L 
Rank B 
1 
H 
OoB 


BUS 
t 
H 
OoA 
UC 
X 
OoB 


I 
H 
OoA 
1 
L 
B bus 


1 
H 
OoA 
1 
H 
OoB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
1 
L 
Rank A 


I 
~. ~ I 


uc 
X 
OoA 
1 
H 
OoB 


RANK 
t 
L 
A bus 
UC 
X 
OoB 
A-to-B 
Output !-AA:.; 
. 
Operation 
L 
H 
Input 
of 
1 
L 
A bus 
1 
L 
Rank A 


Rank A 
1 
L 
A bus 
t 
H 
OoB 


BUS 


t 
H 
OoA 
UC 
X 
OoB 


t 
H 
OoA 
1 
L 
Rank A 


1 
H 
OoA 
1 
H 
OoB 


UC 
X 
OoA 
UC 
X 
OoB 


UC 
X 
OoA 
1 
L 
Rank A 
~.~I 


uc 
X 
OoA 
I 
H 
OoB 


Transfer 
Output 
Output 


•••• 
RANK 
1 
L 
Rank B 
UC 
X 
OoB 


Stored 
L 
L 
of 
of 
4%; 
B 


1 
L 
Rank B 
1 
L 
Rank A 


Data 
I 
Rank B Rank A 
1 
L 
Rank B 
1 
H 
OoB 


BUS 
1 
H 
OoA 
UC 
X 
OoB 


1 
H 
OoA 
1 
L 
Rank A 


1 
H 
OoA 
1 
H 
OoB 


~PERATION 


DIRECTION 
DATA 1/0 
GATE 
GATE 


CONTROL 
BLOCK 
DIAGRAM 
ENABLE 
(A) 
RANK A 
ENABLE 
(B) 
RANK 
B 


OEAB 
OEBA 
AO-A7 
BO-B7 
GA1 
GA2 
GB1 
GB2 


L 
H 
QoA 
L 
H 
QoB 


I 


L 
H 
QoA 
H 
X 
B bus 


I 
t 


A 
L 
H 
QoA 
X 
L 
B bus 


.~ 
EB1 


H 
X 
A bus 
L 
H 
QoB 


Storage 
H 
I:i 
Input 
Input 
RJ 
B 


H 
X 
A bus 
H 
X 
B bus 


H 
X 
A bus 
X 
L 
B bus 


BUS 
X 
L 
A bus 
L 
H 
QoB 


X 
L 
A bus 
H 
X 
B bus 


X 
L 
A bus 
X 
L 
B bus 


L 
H 
QoA 
L 
H 
QoB 


L 
H 
QoA 
H 
X 
B bus 


A 
L 
H 
QoA 
X 
L 
B bus 


Output r~.... 
·1 


H 
X 
Rank B 
L 
H 
QoB 
B-to-A 
Operation 
H 
L 
of 
Input 
H 
X 
Rank B 
H 
X 
B bus 


Rank B 
H 
X 
Rank B 
X 
L 
B bus 


BUS 
X 
L 
Rank B 
L 
H 
QoB 


X 
L 
Rank B 
H 
X 
B bus 


X 
L 
Rank B 
X 
L 
B bus 


L 
H 
QoA 
L 
H 
QoB 


I 


L 
H 
QoA 
H 
X 
Rank A 


A 
L 
H 
QoA 
X 
L 
Rank A 


Output .~ 
EB I 


H 
X 
A bus 
L 
H 
QoB 
A-to-B 


~B 


Operation 
L 
H 
Input 
of 
H 
X 
A bus 
H 
X 
Rank A 


Rank A 
H 
X 
A bus 
X 
L 
Rank A 


I 


BUS 
X 
L 
A bus 
L 
H 
QoB 


X 
L 
A bus 
H 
X 
Rank A 


I 
X 
L 
A bus 
X 
L 
Rank A 


L 
H 
QoA 
L 
H 
QoB 


I 


L 
H 
QoA 
H 
X 
Rank A 


A 
L 
H 
QoA 
X 
L 
Rank A 


BUS 
~ 
Transfer 
Output 
Output ILciJ~' I 


H 
X 
Rank B 
L 
H 
QoB 


Stored 
L 
L 
of 
of 
H' 
X 
Rank B 
H 
X 
Rank A 
Data 
Rank B Rank A 
H' 
X 
Rank B 
X 
L 
Rank A 


BUS 
X 
L 
Rank B 
L 
H 
QoB 


X' 
L 
Rank B 
H 
X 
Rank A 


X' 
L 
Rank B 
X 
L 
Rank A 


I 


I'3-26 


Absolute 
Maximum 
Ratings 


Supply 
voltage 
VCC 
.........................•................•.....................................•...... 
-0.5 V to 7 V 
Input volta~e 
...............................•............................................................. 
-1.5 V to 7 V 
Off-state 
04tput 
voltage 
. . . . . . . . .. . . . .. . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
-0.5 V to 5.5 V 
Storage 
temperature 
................................................•..•............................. 
-65°C 
to +150°C 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
a 
75 
°c 


High 
11 
8 


'LS546, 
'LS566 
- 
CK 
Low 
19 
15 


TW 
Width 
of clock/gate 
ns 


High 
GA1,GB1 
10 
8 


'LS547, 'LS567 
Low 
GA2,GB2 
18 
16 


'LS546 
CKA, 
CKB 
141 
111 


GA1, 
GB1 
51 
51 
'LS547 
GA2, 
GB2 
15t 
151 
Tsu 
Setup 
time 
ns 
'LS566 
CKA, 
CKB 
141 
111 


GA1, 
GB1 
131 
131 
'LS567 
GA2, 
GB2 
221 
221 


'LS546 
CKA, 
CKB 
01 
01 


GA1, 
GB1 
131 
131 


'LS547 


GA2, 
GB2 
51 
51 
Th 
Hold 
time 
ns 
'LS566 
CKA, 
CKB 
01 
01 


GA1, 
GB1 
111 
111 
'LS567 


GA2, 
GB2 
51 
51 


Tsuce 
Setup 
time 
for CKEA, 
CKEB, 
('LS546, 
'LS566 
only) 
15t 
111 
ns 


Thce 
Hold 
time 
for CKEA, 
CKEB 
('LS546, 
'LS566 
only) 
51 
4t 
ns 


tIthe 
arrow indicates the transition of the clock/gate 
input used for reference: 
t 
for the low-ta-high 
transitions. 


1 for the tligh-to-Iow 
transitions. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIL 
Low-level 
input voltage 
0.8 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
2 
V 


Vie 
Input clamp 
voltage 
Vce 
= MIN 
11=-18mA 
-1.5 
-1.5 
V 


Vee 
= MAX 
Aor 
B 
-250 
-250 


IlL 
Low-level 
input current 
IlA 


VI = 0.4 V 
All others 
-400 
-400 


IIH 
High-level 
input 
current 
Vee 
= MAX 
VI = 2.7V 
20 
20 
IlA 


'I 
Maximum 
input 
I A or B 
Vec 
= MAX 


VI = 5.5 V 
0.1 
0.1 
mA 
current 
I All others 
VI = 7.0 V 


Low-level 
Vee 
= MIN 
10L = 24 mA 
0.5 
VOL 
output 
voltage 
VIL = MAX 
V 


VIH = 2V 
10L = 32mA 
0.35 
0.5 


High-level 
Vec 
= MIN 
10H = -1 mA 
2.4 
3.4 
VOH 
output 
voltage 
VIL = MAX 
V 


VIH = 2V 
10H = -2.6mA 
2.4 
3.1 


10ZL 
Vo = 0.4 V 
-250 
-250 


10ZH 
Olr-state 
output 
current 
Vec 
= MAX 
Vo 
= 2.4 V 


IlA 


20 
20 


10S 
Output 
short-circuit 
current* 
Vce 
= MAX 
-30 
-130 
-30 
-130 
mA 


'LS546 
180 
180 


VCC = MAX 
'LS547 
180 
180 


Ice 
Supply 
current 
mA 
Outputs 
open 
'LS566 
180 
180 


'LS567 
180 
180 


MonolithicmMemories 


MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'LS546 
'LS547 
'LS546 
'LS547 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


fMAX 
Maximum 
clock 
33 
43 
MHz 
frequency 


I 
CK to output 
delay 
tpLH/tpHL 
26 
21 
ns 
('LS546 only) 
CL = 45 pF 
RL = 280 0 


GA1, GA2, GB1 or 
OE=L 


tpLH/tpHL 
GB2 to output 
27 
24 
ns 
delay 
('LS547 only) 


tpLH/tpHL 
Data D to output 
23 
18 
ns 
delay 
('LS547 only) 


tpZL/tpZH 
Output 
enable 
CL = 45 pF 
RL = 2800 
25 
25 
21 
21 
ns 
delay 


tpLZ/tpHZ 
Output 
disable 
CL = 5 pF 
RL = 2800 
22 
22 
19 
19 
ns 
delay 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'LS546 
'LS547 
UNIT 
MIN 
MAX 
MIN 
MAX 


fMAX 
Maximum 
clock 
frequency 
50 
MHz 


tpLH/tpHL 
CK to output 
delay 
19 
ns 
('LS546 only) 


GA1, GA2, GB1 or GB2 to 


CL = 45 pF 
RL = 2800 


tpLH/tpHL 
output 
delay 
('LS547 only) 
OE = L 
23 
ns 


tpLH/tpHL 
Data D to output 
delay 
17 
ns 
('LS547 only) 


tpZL/tpZH 
Output 
enable 
delay 
CL = 45 pF 
RL = 2800 
19 
19 
ns 


tpLZ/tpHZ 
Output 
disable 
delay 
CL = 5 pF 
RL = 2800 
17 
17 
ns 
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MILITARY 
COMMERCIAL 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'LS566 
'LS567 
'LS566 
'LS567 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


fMAX 
Maximum 
clock 
33 
43 
MHz 
frequency 


tpLH/tpHL 
CK to output 
delay 
26 
21 
ns 
('LS566 only) 
CL = 45 pF 
RL = 280 n 


GAl, 
GA2, GB1 or 
OE = L 


tpLH/tPHL 
GB2 to output 
26 
24 
ns 
delay 
('LS567 only) 


tpLH/tPHL 
Data D to output 
29 
23 
ns 
delay 
('LS567 only) 


tpZL/tpZH 
Output 
enable 
CL = 45 pF 
RL = 280 n 
25 
25 
21 
21 
ns 
delay 


tpLZ/tpHZ 
Output 
disable 
CL = 5 pF 
RL = 280 n 
22 
22 
19 
19 
ns 
delay 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'LS566 
'LS567 
UNIT 
MIN 
MAX 
MIN 
MAX 


fMAX 
Maximum 
clock 
frequency 
50 
MHz 


tpLH/tpHL 


CK to output 
delay 
19 
ns 
('LS566 only) 


GAl, 
GA2, GBl 
or GB2 to 


CL = 45 pF 
RL = 280 n 


tpLH/tpHL 
output 
delay 
('LS567 only) 
OE = L 
21 
ns 


tpLH/tpHL 
Data D to output 
delay 
19 
ns 
('LS567 only) 


tpZL/tpZH 
Output 
enable 
delay 
CL = 45 pF 
RL = 280 n 
19 
19 
ns 


tpLZ/tpHZ 
Output 
disable 
delay 
CL = 5 pF 
RL = 280 n 
17 
17 
ns 


Setup and Hold 
Clock 
CK to Output 
Delay 


1" 


3V 
DATA -l 
\ 


3V 
CKX 


OV 


INPUT 


OV 


3V 
DATA 
t',..--,,-F:: 
«,i" \ f~ 


INPUT 
OV 
t,..- F" 
-!~, 


3V 


CKEAlCKEB 
:~; 
~' 
_T 


hce 


- 
VT 
OV 
OV 


tPLH 


~~~, 
~i:~ 


3V 


VT = 1.3V 
OUTPUT 
CLS566) 


OV 


VT = 1.3V 


Monolithic W Memories 


------------3V 


VT 


VT 


------------ 
OV 


-------3V 


VT 


DATA -I 
\ 


3V 


INPUT 
OV 


3V 


GA1/GBl 
VT 


OV 


3V 


tpHL 


I 
~3V 
L1-t:-H-L----~~~ 
OV 


Monolithic mMemories 


VCC 


~RL 


S1 


(SEE 
NOTE 
B) 


CL 


(SEE NOTE A)I 
lS2 


.--tpZl~ 
--4.5V 


VT 


OUTPUT 
ENABLE 


(LOW-LEVEL 


ENABLING) 


S1 AND S2 CLOSED 


I 
1.5V 
=:::..!...== 
0.5 V 


--.---;--~ 
VOL 
~tpHZ~ 
11 
VOH 
====-r= 0.5 V 
1-1.5V 


S1 AND S2 CLOSED 


NOTES: 
A. 


B. 
c. 


CLincludes probe and jig capacitance. 


All fiades 
are 1N916 or 1N3064. 


wayeform 
1 ~sfor an output with internal conditions 
such that the output is low except when disabled by the output controL 


Wayeform 2 IS for an output with internal conditions 
such that the output is high except when disabled by the output control. 


O. In the examples above, the phase relationships 
between inputs and outputs have been chosen arbitrarily. 


E. All Input pulses are supplied by generators having the following 
characteristics: 
PRR ~ 1 MHz, Zout = son 
and IR :5 15 ns IF:S 6 ns. 


F. 
When measuring 
propagation 
delay times of 3-state outputs, 
switches 
$1 and 52 are closed. 


a-Bit Bus Front-Loading-Latch 
Transceivers 
SN54/74LS646 
~N54/74LS648 


• Bidirectional 
bus transceivers 
and registers 


• 
Independent 
registers 
for A and B buses 


• 
Real-time 
data transfer 
or stored 
data transfer 


• 24-pin 
SKINNYDIP® 
saves space 


• 8-bit 
data path 
matches 
byte boundaries 


• Three-state 
or open-collector 
outputs 
drive 
bus lines 


Description 


1he 8-bit 
bus transceivers 
with 3-state 
('LS646, 'LS648) or open- 


90llector 
('LS647, 'LS649) outputs 
have 16 D-type 
flip-flops 
and 


f11uI1iplexers. The bus-oriented 
pinout ofthe 
parts is shown 
in the 


Pin Configuration. 
The internal 
gate-level 
hardware 
configura- 


tions for the 'LS646/647 
and 'LS648/649 
are given in their respec- 


tive Logic 
Diagrams. 
The basic repeated 
element, 
consisting 
of 


an edge-triggered 
flip-flop 
paralleled 
with 
a bypassing 
path or 


"feed-through" 
into a two-way 
mux, is sometimes 
called a ''front- 


loading 
latch." 


A pair of multiplexers 
are used to distribute 
two 
bytes of data 


through 
the part. The data-routing 
combinations 
offered 
by the 


multiplexers 
provide 
flexibility 
in directing 
data to or from either 


qus, and/or 
either 
register. 
Data is loaded 
into registers 
A or B 


Jpon 
the 
rising 
edge 
of the 
appropriate 
clock 
signals. 
CKA 


alocks 
register 
A, which 
receives data from the B bus directly 
at 


Pin Configurations 


'lS646/647/648/649 
8-Bit 
Bus Front-loading-latch 
Transceivers 


VCC 


CKA 


SRA 


E 


80 


81 


82 


83 


84 


A6 
85 


86 


GND 
87 


SN54/74LS647 
SN54/74LS649 


PART 
PKG 
EMP 
POLARITY 
O/P 
PWR 


NUMBER 


SN54LS646 
JS,W,L (28) 
Mil 
Noninvert 
hree-state 
LS 


SN54LS646 
NS,JS 
Com 
Noninvert 
hree-state 
LS 
NL (28) 


SN54LS647 
JS,W,L (28) 
Mil 
Noninvert 
LS 
Open- 


SN74LS647 
NS,JS 
Com 
Noninvert 
collector 
LS 
NL (28) 


SN54LS648 
JS,W,L (28) 
Mil 
Invert 
hree-state 
LS 


SN54LS648 
NS,JS 
Com 
Invert 
hree-state 
LS 
NL (28) 


SN54LS649 
JS,W,L (28) 
Mil 
Invert 
LS 
Open- 
- 


SN74LS649 
NS,JS 
Com 
Invert 
collector 
LS 
NL (28) 


its inputs. 
Similarly, 
CKB clocks 
register 
B, ••••hich has the A bus 
available 
directly 
at its inputs. 
Control 
of the 
multiplexers 
is 


provided 
by two select 
lines (one per register), 
SRA and SRB. 


Command 
of the outputs 
is performed 
by enable 
line E, and 


direction 
line DIR. 


When E is High data from the buses can be stored 
into register 
A 
and B. When Eis Lowand 
DIR is High, the direction 
of operation 


is from 
A to 
B; when 
E and 
DIR 
are 
LOW, 
the 
direction 
of 


operation 
is from 
B to A. 


SRA is used to select between 
register 
A and the B bus, and then 
to route the data to a controlled 
buffer 
connected 
to the A bus. 


Likewise, 
SRB selects 
between 
register 
B and the A bus, and 


then routes 
the data to the B bus through 
a controlled 
buffer. 


TWX: 910-338-2376 


2H5 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970·9700 TWX: 910-338-2374 
Monolithic ~1!1I 
Memories 
Ir1JrW 


SN54174LS646 


~KA 
23 


DIR 
3 


E 
21 


SRA 
22 


I 


SRB 


eKB 


AO 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
-.J 


* For the 'LS646 devices, 
the A and 8 bus outputs 
are 3-5t3t8. 


For the 'LS647 devices, 
the A and B bus outputs 
are open-collector. 


* For the 'LS648 devices, the A and B bus outputs are 3-5tate. 


For the 'LS649 devices, 
the A and B bus outputs 
are open-collector. 


SN54/74LS646 
SN54/74LS647 
SN54/74LS648 
SN54/74LS649 


IEEESymbols 


'LS646 
'LS647 


E 
21 
E 
21 
G3 
G3 


DIR 
3 
3 
3EN1 [8A) 
DIR 
3EN1 
[BA] 


23 
3EN2[A8) 
23 
3EN2[A8) 


CKA 
!!TC4 
CKA 
!!TC4 


SRA 
22 
22 


.LTG5 
SRA 
.LTG5 
1 
1 
CK8 
!!TC6 
CK8 
=C6 


SR8 
2 
2 
.LTG7 
SR8 
.LTG7 
20 
20 


V'1 
"'1 
5 
4D 
80 
Q.1 
"'1 
5 
4D 
80 
AO 
5 
AO 
.LT 
5 
.LT 


6D 
"'1 
6D 
7 
"'~Q 
.LT 
'7 
2\7 
.LT 
'7 
19 
19 
A1 
81 
A1 
81 


18 
18 
A2 
82 
A2 
82 


17 
17 
A3 
83 
A3 
83 


16 
16 
A4 
84 
A4 
84 


15 
15 
AS 
85 
AS 
85 


14 
10 
14 
A6 
86 
A6 
86 


13 
11 
13 
A7 
87 
A7 
87 


'LS648 
'LS649 


E 
G3 
E 
21 
G3 


DIR 
3EN1 
[BA) 
3 
DIR 
3EN1 
[8A) 


3EN2 
[A8) 
3EN2 
[A8] 


CKA 
!!TC4 
CKA 
23 
!!TC4 


SRA 
-'J"'G5 
22 
SRA 
-'J"'G5 


CK8 
=C6 
1 
CK8 
!!TC6 


SR8 
.LTG7 
SR8 
2 
.LTG7 
20 
20 


V'1 
"'1 
5 
80 
Q.1 
"'1 
5 
80 
AO 
5 
AO 
5 
6D 
7 
6D 
7 


.LT 
'7 
19 


.LT 
'7 
19 
A1 
81 
A1 
81 


18 
18 
A2 
82 
A2 
82 
17 
17 
A3 
83 
A3 
83 


16 
16 
A4 
84 
A4 
84 


15 
9 
15 
AS 
85 
AS 
85 


14 
10 
14 
A6 
86 
A6 
86 


13 
11 
13 


A7 
87 
A7 
87 


* For the 'LS646/648 
devices, the A and B bus outputs are 3-state. 


For the 'LS6471649 devices, the A and B bus outputs are open-collector. 


Function Table 
Nomenclature 
Description 


E: 
To enable the A-to-B 
or B-to-A operation. 


DIR: 
To select the direction 
of operation. 


E 
DIR 
OPERATION 
DIRECTION 


L 
L 
B-to-A 


L 
H 
A-to-B 


H 
X 
A and B buses both are inputs 
(storage) 


To select 
the output 
data coming 
from 
the AlB 
register 
if SRAlSRB 
is a High 
level; otherwise, 


directly 
from the input data bus. 


Eight inpuVoutput 
pins on the A side. 


Eight inpuVoutput 
pins on the B side. 


Clock for Register AlB. 


H or L state irrelevant 
("Don't 
Care" conditions). 


Positive edge of CK causes clocking, 
if clock enable 


is asserted. 


H or L or I case (nonclocked 
operation). 


Register. 


AO-A7: 


80-87: 


CKAlCK8: 


X: 


t: 


UC: 


RGTR: 


CONTROL 
DATA 
I/O 
CLOCK 
ENABLE 


OPERATION 
BLOCK 
DIAGRAM 
'LS646/647 


E 
DIR 
SRA 
SRB 
AO-A7 
BO-B7 
CKA 
CKB 
.~~ 


UC 
UC 
No operation 


UC 
t 
Real time A bus data - 
RGTR B 


Storage 
H 
X 
X 
X 
Input 
Input 
t 
UC 
Real time B bus data - 
RGTR A 
r 
BUS 


Real time A bus data - 
RGTR B 
eKB 
CKA 


t 
t 
Real time B bus data - 
RGTR A 


UC 
UC 
Real time B bus data - 
A bus 


A 
~ 


BUS 
bj: 
UC 
t 
Real time B bus data - 
A bus 


~eal time 
Real time B bus data - 
RGTR B 


~-to-A 
L 
L 
L 
X 
Output 
Input 


~ 


t 
UC 
Real time B bus data - 
A bus 


B 
Real time B bus data - 
RGTR A 
Operation 
BUS 


CKB 
CKA 
Real time B bus data - A bus 


I 


t 
t 
Real time B bus data - 
RGTR A 


Real time B bus data - 
RGTR B 


I 
uc 
UC 
RGTR A data - 
A bus 


A 
RGTR A data - 
A bus 


~~ 


UC 
t 


Stored data 
RGTR A data - 
RGTR B 


~-tO-A 
L 
L 
H 
X 
Output 
Input 
~ 
A 
B 
t 
UC 
Real time B bus data - 
RGTR A 
r 
B 
BUS 
RGTR A data - 
A bus 
Operation 
Real time B bus data - 
RGTR A 
eKB 
CKA 
I 
t 
RGTR A data - A bus 
RGTR A data - 
RGTR B 


UC 
UC 
Real time A bus data - 
B bus 


A 


~ 


Real time A bus data - 
B bus 
BUS 
UC 
I 
Filealtime 
Real time A bus data - 
RGTR B 


A-to-B 
L 
H 
X 
L 
Input 
Output 


.~ 


t 
UC 
Real time A bus data - 
B bus 


Real time A bus data - 
RGTR A 
Operation 
B 
BUS 
Real time A bus data - 
B bus 


CKB 
CKA 
I 
I 
Real time A bus data - 
RGTR A 


Real time A bus data - 
RGTR B 


UC 
UC 
RGTR B data - 
B bus 


A 
~~I 


uc 
t 
Real time A bus data - 
RGTR B 


BUS 
RGTR B data - 
B bus 
$tored data 


A-to-B 
L 
H 
X 
H 
Input 
Output k~' 


t 
UC 
RGTR B data - 
B bus 
J B~S 
RGTR B data - 
RGTR A 
Operation 
CKB 
Real time A bus data - 
RGTR B 
CKA 


I 
t 
RGTR B data - 
B bus 


RGTR B data - 
RGTR A 


SN54/74LS648 
SN54/74LS649 


CONTROL 
DATA 
I/O 
CLOCK 


1 
ENABLE 
OPERATION 
BLOCK 
DIAGRAM 
'LS648/649 
E 
DIR 
SRA 
SRB 
AO-A7 
BO-B7 
CKA 
CKB 


UC 
UC 
No operation 


B~S 
BJ~ 
uc 
1 
Realtime A bus data - 
RGTR B 


H 
X 
t[5Jl 
Storage 
X 
X 
Input 
Input 
B 
B 
I 
UC 
Realtime 
B bus data - 
RGTR A 
r 
BUS 


Real time A bus data - 
RGTR B 
eKB 
CKA 
1 
t 
Realtime 
B bus data - 
RGTR A 


UC 
UC 
Realtime 
B bus data - 
A bus 


A 


~B:l=T 


Realtime 
B bus data - 
A bus 
BUS 
UC 
1 
Realtime B bus data - 
RGTR B 
Realtime 


B-to-A 
L 
L 
L 
X 
Output 
Input 
lBJ'" 


1 
UC 
Realtime 
B bus data - 
A bus 


B 
Realtime 
B bus data - 
RGTR A 


Operation 
BUS 
r 
Realtime 
B bus data - 
A bus 


CKB 
CKA 


1 
1 
Real time B bus data - 
RGTR A 
Realtime B bus data - 
RGTR B 


UC 
UC 
RGTR A data - A bus 


A 


R~TR~ 


RGTR A data - 
A bus 
BUS 
UC 
I 
RGTR A data - 
RGTR B 
Stored data 
...• 


B-to-A 
L 
L 
H 
X 
Output 
Input 


~~ 


UC 
Real time B bus data - 
RGTR A 
l 
B~S 


t 
RGTR A data - 
A bus 


Operation 
Real time B bus data - 
RGTR A 
CKB 
CKA 


1 
1 
RGTR A data - 
A bus 
RGTR A data - 
RGTR B 


UC 
UC 
Real time A bus data - 
B bus 


A 
fft 
Realtime A bus data - 
B bus 
BUS 
UC 
r 


Realtime 


A 
J~ 
Realtime A bus data - 
RGTR B 
"- 


A-to-B 
L 
H 
X 
L 
Input 
Output 
~. 


I 
UC 
Real time A bus data - 
B bus 
Real time A bus data - 
RGTR A 
Operation 
B 
BUS 
Real time A bus data - 
B bus 


CKB 
CKA 
t 
I 
Realtime A bus data - 
RGTR A 


Real time A bus data - 
RGTR B 


UC 
UC 
RGTR B data - 
B bus 


A 
fJJll 


uc 
1 
Realtime A bus data - 
RGTR B 
BUS 
RGTR B data - 
B bus 
Stored data 


A-to-B 
L 
H 
X 
H 
Input 
Output 
~"~. 
r 
UC 
RGTR B data - 
B bus 
•.. 
J : 
RGTR B data - 
RGTR A 
Operation 
BUS 


CKB 
CKA 
Realtime A bus data - 
RGTR B 


r 
1 
RGTR B data - 
B bus 


RGTR B data - 
RGTR A 


SN54/74LS646 
SN54/74LS648 


~bsolute Maximum 
Ratings 


Supply 
voltage vee 
.........................................................................•............. 
-0.5 V to 7 V 
Input voltage 
..............•...................................•..................•....................... 
-1.5 V to 7 V 
Off-state 
output voltage 
..............................•.......................................•........... 
-0.5 V to 5.5 V 
Storage temperature 
...............................................................•..•.............. 
-65°C 
to +150oe 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


Vcc 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free air temperature 
-55 
125 
0 
75 
°e 


High 
20 
20 


tw 
Width of clock 
ns 


Low 
20 
20 


'LS646 
20 I 
201 


tsu 
Setup time 
ns 


'LS648 
20 I 
201 


'LS646 
01 
o t 


th 
Hold time 
ns 


'LS648 
01 
01 


I 
10H 
High-level 
output 
current 
-12 
-15 
mA 


10L 
Low-level 
output 
current 
12 
24 
mA 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIL 
Low-level 
input voltage 
0.7 
0.8 
V 


VIH 
High-level 
input voltage 
2 
2 
V 


Vie 
Input clamp 
voltage 
VCC= 
MIN 
I, = 
-18 mA 
-1.5 
-1.5 
V 


II ~ VT 
Hysteresis 
(VT+-VT_) 
Vce= 
MIN 
0.1 
0.4 
0.2 
0.4 
V 


IlL 
Low-level 
input current 
Vec= 
MAX 
VI = 0.4 V 
-0.4 
-0.4 
mA 


IIH 
High-level 
input current 
Vec= 
MAX 
VI = 2.7 V 
20 
20 
/lA 


'I 
Maximum 
input 
I A or B 
Vee= 
MAX 


VI = 5.5 V 
0.1 
0.1 
mA 
current 
I All others 
VI = 7 V 


Vec= 
MIN 
IOL=12mA 
0.25 
0.4 
0.25 
0.4 


VOL 
Low-level 
output 
voltage 
VIL 
= MAX 
V 


VIH 
= 2 V 
10L = 24 mA 
0.35 
0.5 


VCC= 
MIN 
10H = -3 mA 
2.4 
3.4 
2.4 
3.4 
VOH 
High-level 
output 
voltage 
VIL 
= MAX 
V 


VIH 
= 2 V 
10H = MAX 
2 
2 


10ZL 
Vee= 
MAX 
VO=0.4V 
-400 
-400 
/lA 


10ZH 
Off-state 
output 
current 
VIL 
= MAX 
VO= 2.7 V 
VIH 
= 2 V 
20 
20 
/lA 


10S 
Output 
short-circuit 
current' 
Vec= 
MAX 
-40 
-225 
-40 
-225 
mA 


Outputs 
High 
145 
145 


'LS- 
Outputs 
Low 
165 
165 
646 


Vee= 
Outputs 
Disabled 
165 
165 


Ice 
Supply 
current 
MAX 
mA 


Outputs 
High 
145 
145 


'LS- 
Outputs 
Low 
165 
165 
648 
Outputs 
Disabled 
165 
165 


MonolithIc mMemorIes 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'LS646 
'LS648 
UNIT 
(See Test Load/Waveforms) 
MIN 
MAX 
MIN 
MAX 


tpLH 
. 
18 
18 
ns 


tpHL 
Data to output 
delay 
20 
25 
ns 


tpLH 
25 
25 
ns 


tpHL 
Clock 
to output 
delay 
35 
40 
ns 


tpLH 
Select 
to output 
delay 
40 
55 
ns 


tpHL 
(data 
input 
High) 
CL = 45pF 
RL = 6670 
35 
40 
ns 


tpLH 
Select 
to output 
delay 
50 
40 
ns 


tpHL 
(data input 
Low) 
25 
40 
ns 


tpZL 
65 
55 
ns 
Output 
enable 
delay 
tpZH 
55 
50 
ns 


tpLZ 
35 
35 
ns 
Output 
disable 
delay 
CL = 5pF 
RL = 6670 
tpHZ 
35 
45 
ns 


tpZL 
60 
45 
ns 
Direction 
enable 
delay 
CL = 45pF 
RL = 6670 
tpZH 
45 
40 
ns 


tpLZ 
30 
30 
ns 
Direction 
disable 
delay 
CL = 5pF 
RL = 6670 
tpHZ 
30 
35 
ns 


TEST 
CONDITIONS 
MIL 
COM 


SYMBOL 
PARAMETER 
(See Test Load/Waveforms) 
'LS646 
'LS648 
'LS646 
'LS648 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpLH 
25 
18 
25 
18 
ns 


tpHL 
Data to output 
delay 
25 
25 
25 
25 
ns 


tpLH 
28 
25 
28 
25 
ns 


tpHL 
Clock 
to output 
delay 
35 
40 
35 
40 
ns 


tpLH 
Select 
to output 
delay t 
40 
55 
40 
55 
ns 


tpHL 
(data 
input 
High) 
CL = 45pF 
RL = 6670 
35 
40 
35 
40 
ns 


tpLH 
Select 
to output 
delay t 
50 
40 
50 
40 
ns 


tpHL 
(data input 
Low) 
30 
40 
30 
40 
ns 


lPZL 
65 
55 
65 
55 
ns 


tpZH 
Output 
enable 
delay 


55 
50 
55 
50 
ns 


tpLZ 
45 
35 
45 
35 
ns 


tpHZ 
Output 
disable 
delay 
CL = 5pF 
RL = 6670 
45 
50 
45 
50 
ns 


tpZL 
60 
45 
60 
45 
ns 


tpZH 
Direction 
enable 
delay 
CL = 45pF 
RL = 6670 


45 
40 
45 
40 
ns 


tpLZ 
40 
30 
40 
30 
ns 


tpHZ 
Direction 
disable 
delay 
CL = 5pF 
RL = 6670 
45 
45 
45 
45 
ns 


Monolithic W Memories 


Absolute Maximum 
Ratings 


Supply voltage, Vee 
7.0 V 


Input voltage, 
7.0 V 


Off-state output 
voltage 
5.5 V 


Storage temperature 
..............................................................•...................... 
_65° to +1SOOe 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


Vee 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free air temperature 
-55 
125 
0 
75 
°e 


High 
20 
20 


tw 
Width 
of clock 
ns 


Low 
20 
20 


'LS647 
201 
201 


tsu 
Setup time 
ns 
'LS649 
20 t 
20 t 


'LS647 
01 
01 


th 
Hold 
time 
ns 


'LS649 
o t 
01 


VOH 
High-level 
output 
voltage 
5.5 
5.5 
V 


IOL 
Low-level 
output 
current 
12 
24 
mA 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VIL 
Low-level 
input 
voltage 
0.7 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
2 
V 


Vie 
Input 
clamp 
voltage 
Vee= 
MIN 
II = 
-18 mA 
-1.5 
-1.5 
V 


I 
.1 VT 
Hysteresis 
(VT+-VT_) 
Vee= 
MIN 
0.1 
0.4 
0.2 
0.4 
V 


IlL 
Low-level 
input 
current 
Vee= 
MAX 
VI = 0.4 V 
-0.4 
-0.4 
mA 


IIH 
High-level 
input 
current 
Vee= 
MAX 
VI = 2.7 V 
20 
20 
IJ.A 


II 


Maximum 
input 
I A or B 
Vee= 
MAX 
VI = 5.5 V 
0.1 
0.1 
mA 


current 
I All others 
VI= 
7 V 


Vee= 
MIN 
IOL=12mA 
0.25 
0.4 
0.25 
0.4 


VOL 
Low-level 
output 
voltage 
VIL 
= MAX 
V 


VIH 
= 2 V 
IOL = 24 mA 
0.35 
0.5 


Vee= 
MIN 
VOH = 5.5 VI 
IOH 
High-level 
output 
current 
VIL 
= MAX 
100 
100 
IJ.A 


VIH 
= 2 V 


Outputs 
High 
130 
130 


'LS- 
Outputs 
Low 
150 
150 
647 


Vee= 
Outputs 
Disabled 
150 
150 


Ice 
Supply 
current 
mA 
MAX 
Outputs 
High 
130 
130 


'LS- 
Outputs 
Low 
150 
150 
649 
Outputs 
Disabled 
150 
150 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'LS647 
'LS649 
UNIT 
(See Test Load/Waveforms) 
MIN 
MAX 
MIN 
MAX 


tpLH 
26 
25 
ns 


tpHL 
Data to output 
delay 
27 
30 
ns 


tpLH 
35 
30 
ns 


tpHL 
Clock 
to output 
delay 
45 
45 
ns 


tpLH 
Select to output 
delayt 
50 
55 
ns 


tPHL 
(data input High) 
45 
45 
ns 


tpLH 
CL = 45pF 
RL = 6670 
60 
Select to output 
delayt 
45 
ns 


tpHL 
(data input Low) 
30 
40 
ns 


tpLH 
Output 
enable 
delay 
40 
40 
ns 


tpHL 
50 
50 
ns 


tpLH 
Direction 
enable 
delay 
35 
30 
ns 


tpHL 
40 
45 
ns 


TEST 
CONDITIONS 
MIL 
COM 


SYMBOL 
PARAMETER 
(See Test Load/Waveforms) 
'LS647 
'LS649 
'LS647 
'LS649 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpLH 
32 
35 
32 
35 
ns 


tpHL 
Data to output 
delay 
27 
30 
27 
30 
ns 


tpLH 
Clock 
to output 
delay 
35 
40 
35 
40 
ns 


tPHL 
45 
45 
45 
45 
ns 


tpLH 
Select to output 
delayt 
50 
55 
50 
55 
ns 


tPHL 
(data input High) 
45 
45 
45 
45 
ns 


tpLH 
CL = 45pF 
RL = 6670 
60 
Select to output 
delayt 
50 
60 
50 
ns 


tPHL 
(data input Low) 
30 
40 
30 
40 
ns 


tpLH 
Output 
enable 
delay 
40 
45 
40 
45 
ns 


tpHL 
50 
50 
50 
50 
ns 


tpLH 
Direction 
enable 
delay 
40 
45 
40 
45 
ns 


tpHL 
40 
45 
40 
45 
ns 


SN54/74LS647 


BUS DATA 


3V 


VT 
OV 
BUS OUTPUT 
('LS646/647) 


VT 


BUS 
OUTPUT 
('LS648/649) 


VT; 
1.3 V 


NOTES. 
1. When SAA/SRB is low, the input data will transfer to output bus. 


2. When SRA/SRB is high. the data of register will transfer to output 
bus. 


3. For the inverting devices, the timing is similar. but the output ISopposite to that for the non-inverting 
devices. 


81 and 
S2 closed 1.5V 


Vcc 
{Rl 


TEST POINT· 0-f 
T 


Cl 


-= 
(SEE NOTE A) 


Cl 


(SEE NOTE A)I 


Load Circuit For 
Three-State Outputs 


Load Circuit For 


Open-Collector Outputs 


Notes: 
A. Cl includes probe and jig capacitance. 


B. All diodes 
are 1N916 or 1N3064. 


C. Waveform 
1 is for an output with internal conditions 
such that the 


output 
is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions 
such that the 
output is high except when disabled by the output control. 


D. In the examples above, the phase relationships 
between inputs 
and outputs have been chosen arbitrarily. 


E. All input pulses are supplied 
by generators 
having the following 


characteristics: 
PRR S 1 MHz. ZOUT = 50 nand 
tR = 15 ns tF S 6 ns. 


F. When measuring propagation 
delay times of three-state 
outputs, 
switches $1 and 52 are closed. 


SN54/74L5ti:)1 
SN54/74LS653 
.:7n~",.",,~V~" 
SN54/74LS654 


F~atures/Benefits 


• 
Bidirectional 
bus transceivers 
and registers 


• 
Independent 
registers 
for A and B buses 


• 
~eal-tlme 
data transfer 
or stored 
data transfer 


• 
Simultaneous 
outputs 
on both 
buses 


• 
24-pln 
SKINNYDIf>@ 
saves space 


• ~-blt 
data path matches 
byte boundaries 


• 
~hree-state 
or open-collector 
outputs 
drive 
bus lines 


• 
'LS653/4 
are open-collector 
in A direction, 
three-state 
in B direction 
Description 


These 
B-bit 
bus transceivers 
with 
3-state 
CLS651, 'LS652) 
or 
o~n-collector 
CLS653, 'LS654} outputs 
have 16 D-type flip-flops 
and multiplexers. 
The bus-oriented 
pinout 
of the parts is shown 
in 
the 
Pin 
Configuration. 
The 
internal 
gate-level 
hardware 
c1nfigurations 
for the 'LS651/653 
and 'LS6521654 
are given 
in 
their 
respective 
Logic 
Diagrams. 
The basic 
repeated 
element, 
consisting 
of an edge-triggered 
flip-flop 
paralleled 
with 
a by- 
passing 
path 
or "feed-through" 
into a two-way 
mux, 
is some- 
times 
called 
a "front-loading 
latch." 


A pair of multiplexers 
are used to distribute 
two 
by1es of data 
through 
the part. The data-routing 
combinations 
offered 
by the 
multiplexers 
provide 
flexibility 
in directing 
data to or from either 
bus, and/or 
either 
register. 
Data is loaded 
into registers 
A or B 
upon the rising edge ofthe 
appropriate 
clock signals. 
CKA clocks 
register A, which 
receives data from the B bus directly 
at its inputs. 
Pin Confisurations 


'LS651/652/653/654 
8-Bit 
Bus Front-Loading-Latch 
Transceivers 


PART 
PKG 
TEMP 
POLARITY 
OUTPUTS 
POWER 
NUMBER 


SN54LS651 
JS,W,L' 
Mil 
Invert 
Three-state 
LS 


SN74LS651 
NS,JS, 
Com 
Invert 
Three-state 
LS 
NL (2B) 


SN54LS652 
JS,W,L' 
Mil 
Noninvert 
Three-state 
LS 


SN74LS652 
NS,JS, 
Com 
Non invert 
Three-state 
LS 
NL (28) 


SN54LS653 
JS,W,L' 
Mil 
Invert 
LS 


SN74LS653 
NS,JS, 
Com 
Invert 
A bus open- 
LS 
NL (28) 
collector; 


SN54LS654 
JS,W,L' 
Mil 
Noninvert 
B bus 
LS 
three-state 


SN74LS654 
NS,JS, 
Com 
Noninvert 
LS 
NL (28) 


Similarly, 
CKB clocks 
register 
B, which 
has the A bus available 
directly 
at its inputs. 
Control 
of the multiplexers 
is provided 
by 
two select 
lines 
(one per register), 
SRA and SRB. Command 
of 
the outputs 
is performed 
by two enable 
lines, GAB 
and GBA. 


When GAB is Low and GBA is High, data from the buses can be 
loaded 
into registers 
A and B. When 
GBA 
is Low, the A bus is 
configured 
for output. 
When GAB is High, the B bus is configured 
for output. 
The A and 8 buses can be enabled 
at the same time, to 
operate 
as outputs 
simultaneously. 


SRA is used to select between 
register 
A and the B bus, and then 
to route 
the data to a controlled 
buffer 
connected 
to the A bus. 


Likewise, 
SRB selects 
between 
register 
B and the A bus, and 
then 
routes 
the data to the B bus through 
a controlled 
buffer. 


Monolithic l!T!ft 
Memories 
Il1JlW 
TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
~3.46 


23 
CKA 


GAB 
22 
SRA 


SRB 


GBA 
21 


CKB 


* For the 'LS652 devices. the A bus outputs 
are 3-state. 


For the 'LS654 devices, the A bus outputs are open-collector. 


The B bus outputs are 3-state for both devices. 


23 
CKA 


GAB 


22 
SRA 


SRB 
_21 
GBA 


CKB 


* For the 'LS651 devices, the A bus outputs are 3-state. 


For the 'LS653 devices, the A bus outputs are open-collector. 


The B bus outputs are 3-state for both devices. 


SN54/74LS651 
SN54/74LS652 
SN54/74LS653 
SN54/74LS654 


IEEESymbols 


'LS651 
'LS653 


21 
GBA 
21 
GBA 
3 
EN1 [BA) 
3 
EN1 [BA) 


GAB 
EN2[AB) 
GAB 
EN2[AB) 
23 
23 
CKA 
C4 
CKA 
C4 
22 
22 
SRA 
G5 
SRA 
G5 
1 
1 
CKB 
C6 
CKB 
C6 
2 
2 
SRB 
G7 
SRB 
G7 
20 
20 


, 
1 ;,1 <l 
5 
BO 
~1 
;'1<l 
~ 
BO 
AO 
'<7 
"5 
AO 
5 


60 
7 
60 
7 


'7 
19 
'7 
19 
A1 
B1 
A1 
B1 


6 
18 
18 
A2 
B2 
A2 
B2 


17 
17 


A3 
B3 
A3 
B3 


16 
16 
A4 
B4 
A4 
B4 


15 
15 
AS 
B5 
AS 
B5 


10 
14 
10 
14 
A6 
B6 
A6 
B6 


11 
13 
11 
13 
A7 
B7 
A7 
B7 


'LS652 
'LS654 


21 
21 
GBA 
3 
EN1 [BA) 
GBA 
EN1 [BA) 
3 
GAB 
EN2[AB) 
GAB 
EN2 [AB) 
23 
23 
CKA 
C4 
CKA 
C4 
22 
22 
SRA 
G5 
SRA 
G5 
1 
1 
CKB 
C6 
CKB 
C6 
2 
2 
SRB 
G7 
SRB 
G7 
20 
20 
4 
. 1 ;,1 <l 
5 
40 
BO 
~1 
;'1<l 
~ 
40 
BO 
AO 
'<7 
_ 
AO 
5 
5 


60 
7 
;,1 [> 
60 
7 
;,1 [> 


'7 
29 
'7 
29 
19 
19 
A1 
B1 
A1 
B1 


18 
18 
A2 
B2 
A2 
B2 
17 
17 
A3 
B3 
A3 
B3 
16 
16 
A4 
B4 
A4 
B4 


15 
9 
15 
AS 
B5 
AS 
B5 


14 
10 
14 
A6 
B6 
A6 
B8 


13 
11 
13 
A7 
B7 
A7 
B7 


* For the 'LS651/652 
devices, the A bus outputs are 3-state. 


For the 'LS653/654 
devices. the A bus outputs are open""Collector. 


The B bus outputs are 3-state for both devices. 


Function Table 
Nomenclature 
Description 


GAB: To enable the A-to-B operation. 


GBA: To enable the B-to-A operation. 


SRA/SRB: 
To select the output data coming from the AlB 
register if SRAlSRB is High level;otherwise, directly 
from the input data bus. 


AO-A7: 
Eight inpuVoutput pins on the A side. 


BO-B7: 
Eight inpuVoutput pins on the B side. 


CKA/CKB: 
Clock for Register AlB. 


X: 
H or L state irrelevant ("Don't Care" conditions). 


!: 
Positive edge of CK causes clocking, if clocking 
enable is asserted. 


H or Lor 
j case (nonclocked operation). 


Register. 


UC: 


RGTR: 


GAB 
GBA 
OPERATION 
DIRECTION 


L 
L 
BtoA 


L 
H 
A and B buses both are inputs (storage) 


H 
L 
A and B buses both are outputs 
(Transfer stored data to bus) 


H 
H 
Ato B 


CONTROL 
DATA 
I/O 
CLOCK 
ENABLE 


°rERATION 
BLOCK 
DIAGRAM 
'LS651/653 


GAB 
GBA 
SRA 
SRB 
AO-A7 
BO-B7 
CKA 
CKB 


UC 
UC 
No operation 


I 
.~~ 


UC 
I 
Real time 
A bus data 
- 
RGTR 
B 


Storage 
L 
H 
X 
X 
Input 
Input 
I 
UC 
Real time 
B bus data 
- 
RGTR 
A 
r 
BUS 
Real time 
A bus data 
- 
RGTR 
B 
eK8 
CKA 
I 
I 
Real time 
B bus data 
- 
RGTR 
A 


UC 
UC 
Real time 
B bus data 
- 
A bus 


A 
- 
Real time 
B bus data 
- 
A bus 
BUS 


~ 


UC 
I 
Realtime 
Bbus 
data 
- 
RGTR 
B 
~eal time 


B-to-A 
L 
L 
L 
X 
Output 
Input 


..~~ 


I 
UC 
Real time 
B bus data 
- 
A bus 


B 
Real time 
B bus data 
- 
RGTR 
A 
Operation 
BUS 
Realtime 
B bus data 
- 
A bus 
CKB 
CKA 
I 
r 
Real time 
B bus data 
- 
RGTR 
A 


Real time B bus data 
- 
RGTR 
B 


UC 
UC 
RGTR 
A data 
- 
A bus 


A 
RGTR 
A data 
- 
A bus 


BUS 
UC 
r 
RGTR A data 
- 
RGTR 
B 
Stored 
data 


A~ 


~A 


Real time 
B bus data 
- 
RGTR 
A 
B-to-A 
L 
L 
H 
X 
Output 
Input 
RQTR lB 
I 
UC 
RGTR A data 
- 
A bus 
Operation 


B 
BUS 
r 
Real time 
B bus data 
- 
RGTR 
A 
CKB 
CKA 


RGTR A data 
- 
A bus 
I 
I 


RGTR A data 
- 
RGTR 
B 


UC 
UC 
Real time 
A bus data 
- 
B bus 


A 
~~ I 


uc 
I 
Real time 
A bus data 
- 
B bus 


Real time 


BUS 
Real time 
A bus data 
- 
RGTR 
B 


A-to-B 
H 
H 
X 
L 
Input 
Output tc"~'" 


I 
UC 
Real time 
A bus data 
- 
B bus 


I 
B~S 


Real time A bus data 
- 
RGTR 
A 
Operation 
Real time 
A bus data 
- 
B bus 
CKB 
CKA 
I 
r 
Real time A bus data 
- 
RGTR 
A 


Real time 
A bus data 
- 
RGTR 
B 


UC 
UC 
RGTR 
B data 
- 
B bus 


A 
~~I 


uc 
r 
Real time 
A bus data 
- 
RGTR 
B 


BUS 
RGTR B data 
- 
B bus 
Stored 
data 


('-to-B 
H 
H 
X 
H 
Input 
Output tc·~· 


I 
UC 
RGTR 
B data 
- 
B bus 


--'. 
B~S 


RGTR B data 
- 
RGTR 
A 


Operation 


CKB 
CKA 
Real time 
A bus data 
- 
RGTR 
B 


I 
I 
RGTR B data 
- 
B bus 
RGTR B data 
- 
RGTR 
A 


UC 
UC 
RGTR 
A/B 
data 
- 
A/B 
bus 


A 


BUS 
B~ 
UC 
RGTR 
AlB 
data 
- 
A/B 
bus 


.A 
RGTA 
I 
RGTR A data 
- 
RGTR 
B 
Transfer 
~53A 
Stored 
H 
L 
H 
H 
Output 
Output 
RGTR 
to... 
r 
UC 
RGTR 
A/B 
data 
- 
A/B 
bus 


~ 
B 
•••• 
RGTR B data 
- 
RGTR 
A 
Data 


B 


I 
BUS 
RGTR 
A/B 
data 
- 
AlB 
bus 
CKB 
CKA 
RGTR A data 
- 
RGTR 
B 
I 
t 


RGTR Bdata 
- 
RGTR 
A 


B-to-A 


Operation 


Real time 


A-to-B 


Stored data 


A-to-B 


Stored 


Data 


B~~S 
R~TR B:l~l 
B 
r 
BUS 


eKB 
CKA 


CLOCK 
ENABLE 


CKA 
CKB 


UC 
No operation 


t 
Real time A bus data - 
RGTR 
B 


UC 
Real time 
B bus data - 
RGTR A 


Real time A bus data - 
RGTR 
B 


Real time 
B bus data - 
RGTR A 


_.~ 
CKB 


A 


BUS 
E]. 


~ 
R';.TR 
B 


_.~ 
BUS 


eKB 
CKA 


B~S 
B:]il 
k 


RGTR 
••.. Jll 


B 
r 
B~S 


CKB 
cL 


A 


BUS 
B~ 
E 


A 
r 
CKB 


UC 
UC 
Real time B bus data - 
A bus 


Real time B bus data - 
A bus 
Real time 
B bus data - 
RGTR 
B 


Real time B bus data - 
A bus 
UC 
Real time 
B bus data - 
RGTR A 


Real time 
B bus data - 
A bus 


t 
Real time 
B bus data - 
RGTR A 


Real time 
B bus data - 
RGTR 
B 


UC 
UC 
RGTR A data - 
A bus 


RGTR A data - 
A bus 


RGTR A data - 
RGTR 
B 


UC 
Real time B bus data - 
RGTR A 


RGTR A data - 
A bus 


Real time B bus data - 
RGTR A 


t 
RGTR A data - 
A bus 


RGTR A data - 
RGTR 
B 


UC 
UC 
Real time A bus data - 
B bus 


Real time A bus data - 
B bus 


Real time A bus data - 
RGTR 
B 


Real time A bus data - 
B bus 


UC 
Real time A bus data - 
RGTR A 


Real time A bus data - 
B bus 


t 
Real time A bus data - 
RGTR A 


Real time A bus data - 
RGTR 
B 


UC 
UC 
RGTR B data - 
B bus 


Real time A bus data - 
RGTR 
B 


RGTR 
B data - 
B bus 


RGTR 
B data - 
B bus 


UC 
RGTR B data - 
RGTR A 


Real time A bus data - 
RGTR 
B 


t 
RGTR B data - 
B bus 


RGTR 
B data - 
RGTR A 


UC 
UC 
RGTR A/B data - 
A/B 
bus 


RGTR AlB 
data - 
AlB 
bus 


RGTR A data - 
RGTR B 


UC 
RGTR A/B data - 
A/B 
bus 


RGTR 
B data - 
RGTR A 
B 
BUS 


CKA 
RGTR AlB data - 
AlB 
bus 


t 
RGTR A data - 
RGTR B 


RGTR 
B data - 
RGTR A 


SN54/74LS651 
SN54/74LS652 


Absolute Maximum Ratings 


Supply voltage Vee 
..........................•.........................•............•..•.................. 
-0.5 V to 7 V 
Input voltage 
.............................•........•..•..•.......................•........................ 
-1.5 V to 7 V 
Off-state output voltage ....................•.....•....................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5 V to 5.5 V 
Storage temperature 
............................•....................•............................... 
-65°C to +150oe 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


Vee 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free air temperature 
-55 
125 
0 
75 
°e 


High 
20 
20 
tw 
Width of clock 
ns 
Low 
20 
20 


'LS651 
20 I 
20 f 


tsu 
Setup time 
ns 
'LS652 
20 t 
20 I 


'LS651 
01 
o t 
th 
Hold time 
ns 
'LS652 
01 
o t 


10H 
High-level output current 
-12 
-15 
mA 


10L 
Low-level output current 
12 
24 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN TYP MAX 
MIN TYP MAX 


VIL 
Low-level input voltage 
0.7 
0.8 
V 


VIH 
High-level input voltage 
2 
2 
V 


I Vie 
Input clamp voltage 
Vee= 
MIN 
II = -18 mA 
-1.5 
-1.5 
V 


I IlL 
Low-level input current 
Vee= 
MAX 
VI = 0.4 V 
-0.4 
-0.4 
mA 


IIH 
High-level input current 
Vee= 
MAX 
VI=2.7V 
20 
20 
p.A 


II 
Maximum input 
I Aor 
B 
Vee = MAX 
VI = 5.5 V 
0.1 
0.1 
mA 
current 
I All others 
VI= 
7V 


Vee=MIN 
10L = 12mA 
0.25 
0.4 
0.25 
0.4 


VOL 
Low-level output voltage 
VIL 
= MAX 
V 
VIH = 2 V 
tOL = 24mA 
0.35 
0.5 


Vee= 
MIN 
10H =-3mA 
2.4 
3.4 
2.4 
3.4 
VOH 
High-level output voltage 
VIL 
= MAX 
V 
VIH 
= 2V 
10H = MAX 
2 
2 


'OZL 
Vee = MAX 
VO= 0.4 V 
-400 
-400 
p.A 
Off-state output current 
VIL 
= MAX 
VO=2.7V 
10ZH 
VIH 
= 2 V 
20 
20 
p.A 


10S 
Output short-circuit 
current* 
Vee= 
MAX 
-40 
-225 
-40 
-225 
mA 


Outputs High 
145 
145 


'LS- 
Outputs Low 
165 
165 
651 


Vee= 
Outputs disabled 
165 
165 
Ice 
Supply current 
mA 
MAX 
Outputs High 
145 
145 


'LS- 
Outputs Low 
165 
165 
652 
Outputs disabled 
165 
165 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
'LS651 
'LS652 
UNIT 
(See Test LoadlWaveforms) 
MIN 
MAX 
MIN 
MAX 


tpLH 
15 
15 
ns 


tpHL 
Data to output delay 
15 
20 
ns 


tpLH 
20 
20 
ns 
Clock to output delay 
30 
30 
tpHL 
ns 


tpLH 
Select to output delay t 
35 
35 
ns 


tpHL 
(data input High) 
CL = 45pF 
RL = 6670 
20 
25 
ns 


tpLH 
Select to output delay t 
35 
35 
ns 


tpHL 
(data input Low) 
30 
20 
ns 


tpZL 
GBA to 
25 
25 
ns 


tpZH 
A bus output enable delay 
20 
20 
ns 


tpLZ 
GBAto 
25 
25 
ns 


tpHZ 
A bus output disable delay 
CL = 5pF 
RL = 6670 
35 
35 
ns 


tpZL 
GAB to 
30 
30 
ns 


tpZH 
B bus output enable delay 
CL = 45pF 
RL = 6670 
25 
25 
ns 


tpLZ 
GAB to 
25 
25 
ns 


tpHZ 
B bus output disable delay 
CL = 5pF 
RL = 6670 
35 
35 
ns 


TEST CONDITIONS 
MIL 
COM 


SYMBOL 
PARAMETER 
(See Test Load/Waveforms) 
'LS651 
'LS652 
'LS651 
'LS652 
UNIT 
MIN 
MAX MIN 
MAX MIN 
MAX MIN 
MAX 


tpLH 
20 
20 
15 
20 
ns 


tpHL 
Data to output delay 
20 
25 
17 
22 
ns 


tpLH 
25 
25 
22 
22 
ns 


tpHL 
Clock to output delay 
35 
35 
30 
30 
ns 


tpLH 
Select to output delay t 
40 
40 
35 
35 
ns 


tpHL 
(data input High) 
CL = 45pF 
RL = 6670 
25 
30 
25 
28 
ns 


tpLH 
Select to output delay t 
40 
40 
35 
35 
ns 


tpHL 
(data input Low) 
35 
25 
30 
22 
ns 


tpZL 
GBA to 
30 
30 
25 
25 
ns 


tpZH 
A bus output enable delay 
25 
25 
20 
20 
ns 


tpLZ 
GBAto 
35 
30 
30 
28 
ns 


tpHZ 
A bus output disable delay 
CL = 5pF 
RL = 6670 
40 
45 
40 
40 
ns 


tpZL 
GAB to 
35 
35 
30 
32 
ns 


tpZH 
B bus output enable delay 
CL = 45pF 
RL = 6670 
30 
30 
25 
25 
ns 


tpLZ 
GAB to 
35 
35 
30 
30 
ns 


tpHZ 
B bus output disable delay 
CL = 5pF 
RL = 6670 
40 
45 
35 
40 
ns 


Absolute 
Maximum 
Ratings 


Supply voltage VCC .....................................•.................................•............... 
-0.5 V to 7 V 


Input voltage 
.............................•..•.....•.......•.....•..•..................•.................. 
-1.5 V to 7 V 
Off-state output voltage ........•...........•..•..•.....•.......•.....•.....•.........•..•.... 
. . • . . . . . . . .. 
-0.5 V to 5.5 V 


Storage temperature 
......................•..•................................................•...... 
-65°C to +150°C 


SYMBOL 
MILITARY 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free air temperature 
-55 
125 
a 
75 
°c 


High 
20 
20 


tw 
Width of clock 
ns 


Low 
20 
20 


I 
'LS653 
20 I 
20 f 
tsu 
Setup time 
ns 


'LS654 
20 f 
20 f 


'LS653 
at 
at 


th 
Hold time 
ns 
'LS654 
at 
01 


VOH 
High-level output voltage (A bus only) 
5.5 
5.5 
V 


I IOH 
High-level output current (8 bus only) 
-12 
-15 
mA 


IOL 
Low-level output current 
12 
24 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN TYP MAX 
MIN TYP MAX 


VIL 
Low-level input voltage 
0.7 
0.8 
V 


VIH 
High-level input voltage 
2 
2 
V 


Vie 
Input clamp voltage 
Vee= 
MIN 
II = -18mA 
-1.5 
-1.5 
V 


IlL 
Low-level input current 
Vee= 
MAX 
VI = 0.4 V 
-0.4 
-0.4 
mA 


IIH 
High-level input current 
Vee= 
MAX 
VI=2.7V 
20 
20 
IJ.A 


II 
Maximum input 
I Aor 8 


Vee = MAX 


VI = 5.5 V 


0.1 
0.1 
mA 
current 
I All others 
VI = 7V 


Vee= 
MIN 
10L = 12mA 
0.25 
0.4 
0.25 
0.4 


VOL 
Low-level output voltage 
VIL 
=MAX 
V 
VIH 
= 2 V 
10L = 24mA 
0.35 
0.5 


High-level output voltage 
Vee= 
MIN 
10H =-3mA 
2.4 
3.4 
2.4 
3.4 
VOH 
VIL 
=MAX 
V 
(8 bus only) 
VIH = 2 V 
10H = MAX 
2 
2 


High-level output current 
Vee= 
MIN 


10H 
VIL 
= MAX 
VOH=5.5V 
100 
100 
IJ.A 
(A bus only) 
VIH = 2 V 


10ZL 
Off-state output current 
Vee= 
MAX 
VO=0.4V 
-400 
-400 
IJ.A 
VIL 
= MAX 
10ZH 
(8 bus only) 
VIH = 2 V 
V~-2.7V 
20 
20 
IJ.A 
( 
bus only) 


10S 
Output short-circuit 
current* 
Vee= 
MAX 
-40 
-225 
-40 
-225 
mA 
(8 bus only) 


Outputs High 
145 
145 


'LS- 
Outputs Low 
165 
165 
653 


Vee= 
Outputs disabled 
165 
165 
Ice 
Supply current 
mA 
MAX 
Outputs High 
145 
145 


'LS- 
Outputs Low 
165 
165 
654 


Outputs disabled 
165 
165 


SYMBOL 
PARAMETER 
TEST CONDITIONS· 
'LS653 
'LS654 
UNIT 
(See Telt 
Load/Waveforms) 
MIN 
MAX 
MIN 
MAX 


tpLH 
25 
25 
ns 
Data to A bus output delay 
20 
25 
tpHL 
ns 


tpLH 
15 
15 
ns 
Data to B bus output delay 
15 
20 
tpHL 
ns 


tpLH 
30 
30 
ns 
Clock to A bus output delay 
30 
30 
tpHL 
ns 


tpLH 
20 
20 
ns 
Clock to B bus output delay 
30 
30 
tpHL 
, 
ns 


tpLH 
Select to A bus t 
45 
45 
ns 


tpHL 
output delay (data input High) 
CL = 45pF 
RL = 6670 
25 
30 
ns 


tpLH 
Select to A bus t 
40 
45 
ns 


tpHL 
output delay (data input Low) 
30 
25 
ns 


tpLH 
Select to B bus t 
35 
35 
ns 


tpHL 
output delay (data input High) 
25 
25 
ns 


tpLH 
Select to B bus t 
35 
35 
ns 


tpHL 
output delay (data input Low) 
30 
20 
ns 


tpLH 
GBAto 
35 
35 
ns 


tpHL 
A bus output enable delay 
25 
30 
ns 


tpZL 
GAB to 
30 
30 
ns 


tpZH 
B bus output enable delay 
25 
25 
ns 


tpLZ 
GAB to 
25 
25 
ns 


tpHZ 
B bus output disable delay 
CL = 5pF 
RL = 6670 
35 
35 
ns 


* 
For A bus. the tast load will refer to the open-collector 
test load. see Figure 6. 


For B bus, the test load will refer to the three-state test load. see Figure 7. 
t 
See Figure 4. 


TEST CONDITIONS· 
MIL 
COM 


SYMBOL 
PARAMETER 
(See Test Load/Waveforms) 
'LS653 
'LS654 
'LS653 
'LS654 
UNIT 
MIN 
MAX MIN 
MAX MIN 
MAX MIN 
MAX 


tpLH 
30 
30 
28 
30 
ns 
Data to A bus output delay 


25 
30 
23 
28 
tpHL 
ns 


tpLH 
20 
20 
18 
18 
ns 
Data to B bus output delay 


20 
25 
18 
20 
tpHL 
ns 


tpLH 
40 
40 
35 
35 
ns 
Clock to A bus output delay 
40 
40 
35 
35 
tpHL 
ns 


tpLH 
25 
25 
23 
23 
ns 
Clock to B bus output delay 


35 
35 
30 
30 
tpHL 
ns 


tpLH 
Select to A bus output t 
50 
50 
45 
48 
ns 


tpHL 
delay (data input High) 
30 
40 
25 
35 
ns 


tpLH 


CL = 45pF 
RL = 6670 


45 
55 
43 
50 
Select to A bus output t 
ns 


tpHL 
delay (data input Low) 
35 
30 
30 
28 
ns 


tpLH 
Select to B bus output t 
40 
35 
35 
35 
ns 


tpHL 
delay (data input High) 
25 
35 
25 
30 
ns 


tpLH 
Select to B bus output t 
40 
45 
35 
40 
ns 


tpHL 
delay (data input Low) 
35 
25 
30 
23 
ns 


tpLH 
GBAto 
40 
35 
35 
35 
ns 


tpHL 
A bus output enable delay 
30 
40 
28 
35 
ns 


tpZL 
GAB to 
35 
35 
30 
33 
ns 


tpZH 
B bus output enable delay 
30 
30 
25 
28 
ns 


tpLZ 
GAB to 
35 
35 
30 
30 
ns 


tpHZ 
B bus output disable delay 
CL = 5pF 
RL = 6670 
40 
45 
38 
40 
ns 


* 
For A bus. the test load will refer to the open-collector 
test load. See Figure 6. 


For B bus, the test load will refer to the three-state test load. see Figure 7. 
t 
see Figure 4. 


BUS DATA 


3V 


VT 


OV 
BUS OUTPUT 


CLs6521654) 


VT 
VT 


'su 
BUS OUTPUT 


CLs651/653) 


VT = 1.3V 


3V 


OV 


--3V 


VT 


OV 


VOH 


VOL 


VOH 


VOL 


DATA Y- VT 
\ 
__V_T 
_ 


-- 
-- 
tpLH 
tpHL 


INPUT DATA HIGH 


,OTES: 
1. When SAA/SAB Is lOW, tne Input data will transfer to output bus. 


2. When SRA/SRB 
is high, the data of register will transfer to output bus. 


3. For the inverting devices. the timing is similar, but the output is opposite to that for the non-inverting 
devices. 


DATA OUTPUT 
WAVEFORM 
1 


(SEE NOTE C) 


I 


S1 CLOSED 
S2 OPEN 
VT 


.....-- tpZH---' 


DATA OUTPUT 
WAVEFORM 
2 


(SEE NOTE C) 


VCC 


~ 


RL 


TESTPQINP 


CL 
-I- (SEE NOTE A) 


Load Circuit For 
Open-Collector Outputs 


CL 


(SEE NOTE A)l 


Load Circuit For 
Three-State Outputs 


Notes: A. CL includes probe and jig capacitance. 


B. All diodes 
are lN916 
or 1N3064. 


C. Waveform 1 is for an output with internal conditions 
such that the 
output is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions 
such that the 
output is high except when disabled by the output control. 


D. In the examples above, the phase relationships 
between inputs 
and outputs have been chosen arbitrarily. 


E. All input 
purses 
are supplied by generators haVing the following 
characteristics: 
PAR ~ 1 MHz. ZOUT 
= 50 nand 
tA = 15 ns IF '$ 6 ns. 


F. When measuring 
propagation 
delay times of three-state 
outputs. 


switches 
51 and 52 are closed. 


VCC 


~ 
RL 


S1 


(SEE 
NOTE 
B) 


a-Bit Two-Stage Pipelined 
Register/Latch 
SN54/74LS548 
SN54/74LS549 


• Two S-bit high-speed registersllatches 


• Faster than other LS-TTL registersllatches 


• Three-state outputs drive bus lines 


• 24-pin SKINNYDIP@saves space 


• S-bit data path matches byte boundaries 


• Multiplexer selects either rank at input/output 


• Output can drive bus directly: IOL 32mA (com), 24 mA (mil) 


• Registersllatches configurable for nose-to-tail or side-by- 
side operation 


• Individual clock/gate enables for each rank 


Applications 


• Registers for pipellned arithmetic units or digital signal 
processors 


• Bus monitor for popular S-bit microprocessors to restart 
instructions upon virtual memory page fault 


• Video display character/attribute 
pipellned registers 


• Sequence/state generator for systems: dual-rank registers! 
latches allow storing a backup previous state for 
redundancy, or diagnostics 


• Two-stage buffer for pipellned interfacing input/output 


Description 


The 54/74LS548 and 54/74LS549 contain a pair of high-speed 
8-bit registers ('LS548) or latches ('LS549) which perform var- 
ious pipeline storage functions. Two control pins govern a pair 
of internal multiplexers, as shown in the block diagrams; using 
these, several useful data paths can be configured. The input 
selection multiplexer determines the source of datato the second 
register/latch, as controlled by the INSEL line. In this way, data 
from either the 07-00 inputs, or the outputs of the first register/ 
latch, are stored in the second register/latch. The output selec- 
tion multiplexer determines the source of data that will besent to 


the outputs Y7-YO.This mUltiplexer iscontrolled bythe OUTSEL 
line, and allows either the first or second register/latch data to be 
output. The outputs are fully buffered, provide high-drive cur- 
rent, and allow three-state control through the OE line. 


PART 
PKG 
TEMP 
TYPE 
POWER 
NUMBER 


SN54LS548 
JS,W,L(28) 
Mil 
Register 
LS 


SN74LS548 
NS,JS,NL(28) 
Com 
Register 
LS 


SN54LS549 
JS,W,L(28) 
Mil 
Latch 
LS 


SN74LS549 
NS,JS,NL(28) 
Com 
Latch 
LS 


The arrangement of registers/latches within the 'LS5481'LS549 
can be thought of a two 8-bit storage ranks, rank 1 and rank 2. 
The 'LS548 has a common clock line CK, and separate clock 
enables CKE1 and CKE2 for rank 1 and rank 2 respectively. 
In contrast, the 'LS549 operates as a flow-through 
latch, and 
has separate latch enables G1and G2 for each rank, as well as 
a common latch-enable input G. 


In the 'LS548,data present at the 07-00 inputs are stored in rank 
1 on the positive edge of CK, if CKE1 has been previously 
asserted. Oatafor rank 2 are stored similarly, if CKE2 is asserted 
prior to the clock. In the 'LS549, data pass through the latches 
when the latch controls (G1 or G2) for either rank are enabled 
simultaneously with the common latch enable G. Oataremain in 
a rank when the latch controls are disabled, or 'unasserted'. 


The clock/gate control lines are used with the INSEL and OUT- 
SELcontrols for flexible data storage and movement operations. 
Two representative examples areshown in Figure 1 (a)and 1(b). 
The first example is a classical 2-stage pipelined register, or 
'nose-to-tail' configuration. Oataat 07-00 arefirst stored in rank 
1,then stored in rank 2 on the next clock/gate. If the clock/gate 
enable for either rank becomes unasserted, then the previously- 
stored data are simply retained. In the second example, data at 
07-00 
are stored in either or both ranks if the respective 
clock/gate enable signals are asserted. In this 'side-by-side' 
configuration, data sent to the Y7-YOoutputs are selected from 
either rank 1 or rank 2, under control of the OUTSEL line. 


Monolithic ~~n 
Memories 
Il1JrW 
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SN54/74LS548 
SN54/74LS549 


(GtlCK 
1 


(G1t) 
CKEl 
2 


SN54/74LS548 


SN54174LS549 


t For SN54/74LS549. 


Block Diagrams 


RANK 1 
RANK 2 
07-00 
0 
a 
0 
a 
YT-YO 


CKEl 
CKE2 
(Gl) 
«(;2) 


CK/G 
DE 
INSEL = L 
OUTSEL = L 


OUTSEL: 


~: 
::~~ 
DE 


Function TaDI. num ••••.••a•••••••• 
Description 


Rank 1-0 or Rank 2-0 = Data available at the internal flip- 
flopllatch outputs for the 8 rank 1or 
rank 2 registersllatches respectively. 


D = Data at the Do-D7 input pins. 


Y = Data at the YO-Y7output pins. 


X = H or L state irrelevant ("don't care" 


conditions) 


00 = Previous states of the internal 
registerllatch data are retained. 


Z = Indicates that the YO-Y7outputs are 


in high-impedance state. 


INSEL 
= Input select mux control pin; deter- 
mines the source of input data for 
rank 2. 


INSEL 
RANK 2 INPUT 


L 
Rank 1 


H 
D 


OUTSEL 
= Output select mux control pin; se- 


lects either rank 1 or rank 2 for 
output. 


OUTSEL 
OUTPUT 


L 
Rank 2 


H 
Rank 1 


OE 
OUTPUT 


L 
Rank 1 or Rank 2 


H 
Hi-Z 


if clocking is enabled. 


CK = The common clock line for the 


54n4LS548. 


CKE1/CKE2 
= Clock enable line for the rank 1/ 


rank 2 register in the 54n4LS548. 


CK 
CKE1 
CKE2 
RANK 
1 
RANK 2 


Lor H or I 
X 
X 
Disabled 
Disabled 


t 
L 
L 
Enabled 
Enabled 


t 
L 
H 
Enabled 
Disabled 


t 
H 
L 
Disabled 
Enabled 


X 
H 
H 
Disabled 
Disabled 


G = The common latch control line for 
the 54n4LS549. 


G1/G2 = Latch enable line for the rank 1/ 


rank 2 latch in the 54n4LS549. 


G 
G1 
G2 
RANK 
1 
RANK 
2 


L 
L 
L 
Enabled 
Enabled 


(Flush) 
(Flush) 


L 
L 
H 
Enabled 
Disabled 


(Flush) 
(Freeze) 


L 
H 
L 
Disabled 
Enabled 


(Freeze) 
(Flush) 


L 
H 
H 
Disabled 
Disabled 
(Freeze) 
(Freeze) 


H 
X 
X 
Enabled 
Enabled 
(Flush) 
(Flush) 


CK 
CKE1 
RANK 1 
CKE2 
INSEL 
RANK 2 


Lor 
H 
X 
00 
X 
X 
00 
or I 


1 
H 
00 
H 
X 
00 


t 
L 
D 
H 
X 
00 


t 
L 
D 
L 
L 
Rank1-0 
, 
L 
D 
L 
H 
D 


t 
H 
00 
L 
L 
Rank1-0 


t 
H 
00 
L 
H 
D 


G 
G1 
RANK 1 
G2 
INSEL 
RANK 2 


L 
L 
D 
L 
L 
Rank1-0 


L 
L 
D 
L 
H 
0 


L 
L 
0 
H 
X 
00 


L 
H 
00 
L 
L 
Rank1-0 


L 
H 
00 
L 
H 
0 


L 
H 
00 
H 
X 
00 


H 
X 
0 
X 
L 
Rank1-0 


H 
X 
0 
X 
H 
0 


OUTSEL 
OE 
Y 


L 
L 
Rank2-0 


H 
L 
Rank1-0 


X 
H 
Hi-Z 


'LS548 
'LS549 


CK 
VCC 
G 
VCC 


ern 
OUTSEL 
G1 
OUTSEL 


INSEL 
CKe2 
INSEL 
G2 


00 
OE 
00 
OE 


01 
YO 
01 
YO 


02 
Y1 
02 
Y1 


03 
Y2 
03 
Y2 


04 
Y3 
04 
Y3 


05 
Y4 
05 
Y4 


06 
YS 
06 
YS 


07 
Y6 
07 
Y6 


GNO 
Y7 
GNO 
Y7 


IEEE Symbols 


'LS548 
'LS549 


OE 
OE 


OUTSEL 
OUTSEL 


INSEL 
INSEL 


CKE2 
G2 


CKE1 
<IT 


CK 
G 


00 
6 
C> 
20 
00 
4 C> 
20 


7'\1 
YO 
5'\1 
YO 


"6 
"4 


19 
19 


01 
Y1 
01 
Y1 


18 
18 


02 
Y2 
02 
Y2 


17 
17 


03 
Y3 
03 
Y3 


16 
16 


04 
Y4 
04 
Y4 


15 
15 


05 
YS 
05 
YS 


10 
14 
10 
14 


06 
Y6 
06 
Y6 


07 
11 
13 
Y7 
11 
13 
07 
Y7 


Absolute Maximum 
Ratings 


~nU:~'~~~~~a;r.:~.~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
=~:;~:~~~ 
Off-state 
output 
voltage 
........................................•. 
. • . . . . . . . . • . . . . . . • . . • . . . . . • . . . . . . • . . . . .. 
-0.5 V to 5.5 V 
Storage 
temperature 
............................•....•.....•..•...............................•...... 
-65°C 
to +150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
125 
0 
75 
°c 


'LS548 
CK 


High 
15 
11 
ns 


Width 
of CK. G, Gl, 
G2 


'LS549 
G 


tw 
'LS548 
CK 
15 
11 
Low 
ns 


'LS548 
Gl,G2 
18 
16 


'LS548 
CK 
201 
1St 


tsu 
Setup 
time 
for 
Data 
G 
101 
61 
ns 


'LS549 
Gl,G2 
17t 
4t 


'LS548 
CK 
01 
ot 


th 
Hold 
time 
for Data 
G 
121 
101 
ns 
'LS549 


Gl,G2 
5t 
5 


tsu-CKEX 
Setup 
time 
for clock 
enables 
CKE1, 
CKE2 
('LS548 
only) 
1St 
lOt 
ns 


th-CKEX 
Hold 
time 
for clock 
enable 
CKE1, 
CKE2, 
('LS548 
only) 
8t 
51 
ns 


tsu-INSEL 
Setup 
time 
for 
INSEL 1 
30 
25 
ns 


th-INSEL 
~old 
time 
for 
INSEL 2 
0 
0 
ns 


NOTES: 
1. This is the minimum setup time needed for INSEL prior to the rising edge of the clock/GX. 
and to the falling edge of the G. to ensure data transfer to 


rank 2. 


2. This is the minimum hold time needed for INSEL after the rising edge of the clock/GX, 
and to the falling edge althe G, to ensure data transfer to rank 2. 


1t 
the arrow indicates the transition of the clock/gate 
input used for reference: 


f for the low-la-hIgh 
transitions. 


1 for the high-la-low 
transitions. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN TYP MAX 
MIN TYP MAX 


VIL 
Low-level input voltage 
0.8 
0.8 
V 


V,H 
High-level input voltage 
2.0 
2.0 
V 


V,C 
Input clamp voltage 
VCt=MIN 
I, 
= -18 mA 
-1.5 
-1.5 
V 


VCC = MAX 
DorY 
-250 
-250 
'lL 
Low-level input current 
IJA 
VI = 0.4 V 
All others 
-400 
-400 


'IH 
High-level input current 
VCC = MAX 
V, = 2.7 V 
20 
20 
IJA 


Maximum input 
I D or Y 
VCC=MIN 
V, = 5.5 V 
0.1 
0.1 
mA 


" 
cu rrent 
I All others 
VI = 7V 


VCC=MIN 
'OL = 32 mA 
0.35 
0.5 
VOL 
Low-level output voltage 
V,L = MAX 
V 
VIH = 2V 
10L = 24mA 
0.5 


VCC=MIN 
IOH=-1mA 
2.4 
3.4 
VOH 
High-level output voltage 
V,L = MAX 
V 
VIH = 2V 
10H = -2.6mA 
2.4 
3.1 


'OZL 
VCC=MAX 
Vo 
= 0.4 V 
-20 
-20 


'OZH 
Off-State output current 
V,L =MAX 
IJA 
VIH = 2V 
Vo 
= 2.7V 
20 
20 


'OS 
Output short-circuit current' 
VCC= MAX 
-30 
-130 
-30 
-130 
mA 


VCC=MAX 
'LS548 
150 
150 
'CC 
Supply Current 
mA 
Outputs open 
'LS549 
160 
160 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
'LS548 
'LS549 
UNIT 


(See Test LoadIWaveforms) 
MIN 
MAX 
MIN 
MAX 


fMAX 
Maximum clock frequency 
50 
MHz 


tpLH/tpHL 
CK, G1, or G2 to output delay 
18 
22 
ns 


tpLH/tpHL 
G to output delay ('LS549) 
CL = 45 pF, RL = 2800 
23 
ns 


tpLH/tpHL 
Data D to output delay ('LS549) 
OE= L 
16 
ns 


tpLH/tpHL 
Output multiplexer control 
20 
20 
ns 
OUTSEL to output delay 


tpZL/tpZH 
Output enable delay 
CL = 45 pF, RL = 2800 
18 
18 
ns 


tpLZ/tpHZ 
Output disable delay 
CL = 5 pF, RL = 2800 
15 
15 
ns 


TEST 
CONDITIONS 
MIL 
COM 


SYMBOL 
PARAMETER 
(See Test 
'LS548 
'LS549 
'LS548 
'LS549 
UNIT 
Load/Waveforms) 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


fMAX 
Maximum clock frequency 
33 
45 
MHz 
- 
- 
tpLH/tpHL 
CK, G1 or G2 
25 
26 
20 
24 
ns 
to output delay 


tpLH/tpHL 
G to output delay ('LS549) 
CL = 45 pF 
28 
25 
ns 


tpLH/tpHL 
Data D to output 
RL = 2800 
24 
18 
ns 
delay ('LS549) 
OE=L 


tpLH/tpHL 
Output multiplexer control 
27 
27 
22 
22 
ns 
OUTSEL to output delay 


tpZL/tpZH 
Output enable delay 
CL = 45 pF 
23 
23 
20 
20 
ns 
RL = 2800 


tpLZ/tpHZ 
Output disable delay 
CL = 5 pF 
20 
20 
17 
17 
ns 
RL = 2800 


DATA 
/ 
~ 
\~- 


DATA~ 
\,~- 


!su-INSEL 
't,-INSEL 


VT = 1.3 V 


CL 


(SEE NOTE All 


VCC 


~ RL 


OUTPUT 
ENABLE 
(Low-level 
enabling) 


51 


(SEE 


NOTE 
Bl 


Notes: 
A. CL includes 
probe and jig capacitance. 


B. All diodes 
are 1N916 or 1N3064. 


C. Waveform 1 is for an output with internal conditions 
such that the 
output is low except when disabled by the output control. 


Waveform 2 is for an output 
with internal 
conditions 
such that the 
output is high except when disabled by the output control. 


O. In the examples 
above. the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


E. All input pulses are supplied 
by generators 
having 
the following 
characteristics: 
PRR ~ 1 MHz. ZOUT 
= 50 n and 
fA = 15 ns IF::: 6 ns. 


F. When measuring propagation 
delay times of three-state outputs, 


switches 
S1 and 52 are closed. 


a-Bit Latch/Register 
with Readback 


Features/Benefits 


• I/O port configuration enables output data back onto 


Input bus 


• 8-bit data path matches byte boundaries 


• Ideal for microprocessor Interface 


Description 


These 8-bit latches/registers are useful for I/O operations on a 
microprocessor bus. An image of the output data can be read 
back by the CPU. This operation is important in control algo- 
rithms which make decisions based on the previous status of 
output controls. Rather than storing a redundant copy of the 
output data in memory, simply reading the register asan I/O port 
allows the data to be retrieved from where it has been stored in 
an 'LS793/4, for verification and/or updating. 


MICROPROCESSOR 
DATA BUS 
t 
PERIP~ 


.........-, 
LS7931794 


The data is loaded in the registers on the low-to-high transition 
of the clock (CK), for the 'LS794. The data is passed through 
the 'LS793when the gate, (G), is High, and it is "latched" when G 
changes to Low.The output enable, OE is used to enable data on 
07-00. When OE is low the output of the latches/registers is 
enabled on 00-07, enabling 0 as an output bus so that the host 
can perform a readoperation. When OEis High, 07-00 are inputs 
to the latches/registers configuring 0 as an input bus. 


The output drive of these commercial parts for any output pin 
is 10L = 24 mA. 


G 
OE 
Q 
0 


L 
L 
°0" 
Output, ° 
L 
H 
°0" 
Input 


Ht 
L 
0' 
Output, 0' 


H 
H 
0 
Input 


• In this case the output 
of the latch feeds the input, and a "race" 


condition 
results. 


~. 00 represents 
the previous 
"latched" 
state. 


t This transition 
is not a normal mode of operation 
and may produce 
hazards. 


PART 
PKG 
TEMP 
POLARITY 
TYPE 
POWER 
NUMBER 


SN54LS793 
J,W,L, 
Mil 
SN74LS793 
N,J,NL Com 
Non- 
Latch 
LS 


SN54LS794 
J,W,L, 
invert 
Mil 
Register 
SN74LS794 
N,J,NL Com 


CK 
OE 
Q 
0 


Lor H or I 
L 
°0 
Output, ° 


Lor H or j 
H 
°0 
Input 
I 
L 
°0 
Output, 0' 
I 
H 
0 
Input 


. In this case the output 
of the register 
is clocked 
to the inputs 
and the overall 


Q output 
is unchanged 
at Qo' 
• 
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IEEE Symbols 


'LS793 


l5E 
1 
_I 


G 
11 
I 
EN2 


.,C1 


2 
19 
DO L 


10 
l> 
00 


\1'2 
<J 


01 
3 
18 
01 


02 
4 
17 
02 


03 
5 
16 
03 


04 
6 
15 
04 


05 
7 
14 
05 


8 
13 
-, 


06 
06 


07 
9 
12 
07 


1 
~I 


11 
lEN2 


t:;C1 


2 
19 
L 


10 
l> 


\1'2 
<J 


3 
18 


4 
17 


5 
16 


6 
15 


7 
14 


8 
13 


9 
12 


Supply voltage VCC ..............................................................•..•.............•....... 
-0.5 V to { v 


Input voltage 
...................•................................................•......•................. 
-1.5 V to 7 V 
Off-state output voltage ........•...................................•..•.....•............•......... 
. . . . .. 
-0.5 V to 5.5 V 
Storage temperature 
...............................•..•..•...........................•......•........ 
-65°C to +150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating free air temperature 
-55 
125 
0 
75 
°c 


t 
High 
15 
15 
tw 
Width of Clock/Gate 


t 


ns 


Low CLS794only} 
15 
15 


'LS793 
151 
101 


tsu 
Setup time 
'LS794 
151 
151 


101 
101 


ns 


'LS793 
th 
Hold time 
'LS794 
01 
01 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN TYP MAX 
MIN TYP MAX 


VIL 
Low-level input voltage 
0.7 
0.8 
V 


VIH 
High-level input voltage 
2 
2 
V 


I VIC 
Input clamp voltage 
VCC = MIN 
II 
= -18 mA 
-1.5 
-1.5 
V 


IlL 
Low-level input current 
VCC = MAX 
VI 
= 0.4 V 
-250 
-250 
IJ.A 


IIH 
High-level input current 
VCC = MAX 
VI 
= 2.7 V 
40 
40 
IJ.A 


Maximum input T 
DorQ 
VI 
= 5.5V 
II 
current 
I 
VCC = MAX 
0.1 
0.1 
mA 


All others 
VI 
=7V 


VCC = MIN 
10L = 12mA 
0.25 
0.4 
0.25 
0.4 


VOL 
Low-level output voltage 
VIL 
= MAX 
V 


VIH 
=2V 
10L = 24mA 
0.35 
0.5 


VCC = MIN 
10H = -1 mA 
2.4 
3.4 
VOH 
High-level output voltage 
VIL 
= MAX 
V 


VIH 
=2V 
10H = -2.6mA 
2.4 
3.1 


10ZL 
Vce 
= MAX 
Vo = 0.4 V 
-250 
-250 


Off-state output current 
VIL 
= MAX 
IJ.A 


10ZH 
VIH = 
=2V 
Vo = 2.7 V 
40 
40 


10S 
Output short-circuit 
current* 
Vee = MAX 
-30 
-130 
-30 
-130 
mA 


Vee = MAX 
'LS793 
120 
120 
mA 
Ice 
Supply current 
Outputs open 
'LS794 
120 
120 


TEST 
CONDITIONS 
'LS793 
'LS794 
SYMBOL 
PARAMETER 
(see Interface 
Test Load/Waveforms) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNIT 


fMAX 
Maximum 
clock 
frequency 
35 
50 
MHz 


tpLH 
12 
18 
ns 
Data to output 
delay 


12 
18 
tpHL 
ns 


tpLH 


CL = 45pF 
RL = 280 II 
17 
25 
9 
20 
ns 
Clock/gate 
to output 
delay 


12 
25 
14 
20 
tpHL 
ns 


tpZL 
Output 
enable 
delay t 


15 
20 
15 
20 
ns 


tpZH 
11 
20 
11 
20 
ns 


tpLZ 
Output 
disable 
delay t 


8 
20 
8 
20 
ns 
CL = 5pF 
RL = 280 II 


9 
20 
9 
20 
tpHZ 
ns 


R2 
280 n 
5V <>--IW'--O 
Sl 


OUTPUT 
ENABLE 
(Low·level 
enabling) 


FOR 0 OUTPUTS 


TEST 
POINT 
FOR Oi* 


Sl AND 


S2CLOSED 
___ 
1.5 V 


0.5 V 
flVOL 


~VOH 
0.5 V 
-1.5V 


Sl AND 
S2 CLOSED 


For the 'LS793, the latch control 
"G" should 
be low while 
testing 


the enable 
and 
disable 
times, so that the output 
(0) does not 


change. 
(VT = 1.3V). 


NOTES: A. Waveform 1 is for an output with internal conditions 
such that 


the output 
is low except when disabled 
by the output 
control. 


Waveform 2 is for an output with internal conditions 
such that 


the output 
is high except 
when disabled 
by the output 
control. 


r 
S2 


* The "TEST POINT" is drived by the output under test, 


and observed 
by instrumentation. 


8·BitSERDE 
Pipeline Register 
SN54/74S818 


Features/Benefits 


• High drive capability. IOl 
= 32 mA (Com) 


• Alternate source to Am29818 


• Serlal-parallel/Parallel-serlal 
pipeline register 


• Independent pathlng and clocking controls 


• Expandable In multiples of 8 bits 


• Three-state outputs 


• PNP Inputs for low-Inputcurrent 


• 24-pln SKINNYDIPiI!>saves space 
Applications 


• Universal Interface element for systems using both serial 
and parallel data formats 


• Serial communication 
and peripheral Interface 


• Microprogram control store output register 


• Serlal-parallel/Parallel-serlal 
pipeline conversion 


• State machine feedback path Isolation/diagnostics 


• Serial readback register 


Description 


The SN54174S818is an 8-bit serializing/deserializing pipeline 
register. It can also be used as a serial readback register as well 
as a diagnostic register. All of these configurations are expan- 
dable in multiples of eight bits. 


The 541748818 internally consists of a universal shift register 
and an 8-bit register. Itswide application resultsfrom a combina- 
lion of powerful interconnection modes and independent clock- 
Ing and pathing controls. It is ideally suited as a universal 
interface element involving both serial and parallel data formats. 
Function Table 


PART NUM8ER 
PACKAGE 
TEMPERATURE 


SN74S818 
NS, JS, NL (28) 
Com 


SN54S818 
JS, W, L (28) 
Mil 


&oBIT 


SHADOW 
REGISTER 


INPUTS 
OUTPUTS 
SEE 
OPERATION 
FIG. 
MODE 
SOl 
ClK 
DClK 
87-80 
S7-S0 
SDO 


L 
X 
t 
* 
Bn- 
On 
HOLD 
S7 
Load output register from input bus 
1 


L 
X 
* 
t 
HOLO 
Sn- 
Sn-1 
S7 
Shift shadow register data 
2 
SO- 
SOl 


L 
X 
t 
t 
Bn- 
On 
Sn- 
Sn-1 
S7 
Load output register from input bus 
1&2 
SO- 
SOl 
while shifting shadow register data 


H 
X 
t 
* 
Bn- 
Sn 
HOLO 
SOl 
Load output register from shadow register 
2,3,4 


H 
L 
* 
t 
HOLO 
Sn- 
Bn 
SOl 
Load shadow register from output bus 
3 


H 
L 
t 
t 
Bn- 
Sn 
Sn- 
Bn 
SOl 
Swap shadow register and output register 


H 
H 
* 
t 
HOLO 
HOLO 
SOl 
Enable 07-00 
as outputs for RAM write-back 
4 


TWX: 910·338·2376 
2175 Mission College Blvd. Santa Clara, CA 95054·1592 
Tel: (408) 970·9700 
TWX: 910·338·2374 
MonolithIc ~~n 
MemorIes 
Il1JlW 


SN54/74S818 


13· 78 
Monolithic W Memories 


Absolute Maximum Ratings 


Supply 
voltage VCC 
...........................•..•................................................•....... 
-0.5 V to 7 V 
Input voltage 
..................•.......................................................................... 
-1.5 V to 7 V 
Off-state 
output 
voltage 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.5 V to 5.5 V 
Storage temperature 
.....................•.....................................•............•........ 
-65°C 
to +150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free air temperature 
-55 
125 
0 
75 
°c 


High 
15 
12 
ns 
tw 
Width 
ofClK 


low 
15 
13 
ns 


High 
25 
20 
ns 
twd 
Width 
of OClK 


low 
25 
20 
ns 


tsue 
Setup time from 
MODE 
to ClK 
201 
171 
ns 


the 
Hold time from 
ClK 
to MODE 
01 
01 
ns 


tsud 
Setup time from 
data to ClK 
211 
141 
ns 


thd 
Hold time from 
ClK 
to data 
01 
01 
ns 


tsude 
Setup time from 
SOl. MODE 
to OClK 
311 
201 
ns 


thde 
Hold time from 
OClK 
to SOl, MODE 
01 
01 
ns 


tsudq 
Setup time from 
output 
to OClK 
251 
18 t 
ns 


thdq 
Hold time from 
OlCK 
to output 
01 
01 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN TYP MAX 
MIN TYP MAX 


VIL 
Low-level input voltage 
0.8 
0.8 
V 


VIH 
High-level input voltage 
2 
2 
V 


Vie 
Input clamp voltage 
Vee= MIN 
II = -18 mA 
-1.2 
-1.2 
V 


IlL 
Low-level input current 
Vee= MAX 
VI= 0.5V 
-0.25 
-0.25 
mA 


IIH 
High-level input current 
Vee= MAX 
VI = 2.7 V 
50 
50 
iJ.A 


OorB 
VI = 5.5 V 


II 
Maximum input 
All 
Vee= MAX 
1 
1 
mA 
current 
others 
VI= 7 V 


10L = 32 mA 
0.5 


B7-BO 
Vee= MIN 


VOL 
Low-level 
10L =24 mA 
0.5 


output voltage 
V,L = MAX 
V 


SOO 
10L =8 mA 
0.5 


07-00 
VIH= 2 V 
10L =4 mA 
0.5 


B7-BO 
Vee= MIN 
IOH=6.5 mA 


VOH 
High-level 
VIL = MAX 
output voltage 
SOO 
2.4 
2.4 
V 


07-00 
VIH= 2 V 
10H= -2 mA 


10ZL 
Off-state 
Vee= MAX 
VO= 0.5 V 
-250 
-250 
iJ.A 


10ZH 
output current 
VIL = MAX 
VO= 2.4 V 
50 
50 
iJ.A 
VIH= 2 V 


10S 
Output short-circuit current* 
Vee= MAX 
-40 
-100 
-40 
-100 
mA 


I 
Ice 
Supply current 
Vee = MAX. Outputs open 
115 
155 
115 
145 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 
(See Tel' 
Load/Waveforms) 


fMAX 
Maximum output clock frequency 
CL = 50 pF RL = 2800 OE = L 
40 
MHz 


Maximum diagnostic clock freqUency: 
Cascaded 
20 


fMAXD 
CL = 50 pF RL = 2 KO 
MHz 
Uncascaded 
25 


tCLK 
CLK to output delay 
CL = 50 pF RL = 2800 
OE = L 
14 
ns 


tss 
SDI to SDO delay (MODE = HIGH) 
12 
ns 


tMS 
MODE to SDO delay 
CL = 50 pF RL = 2 KO 
17 
ns 


tDS 
DCLK to SDO delay (MODE = LOW) 
28 
ns 


tDEZL 
25 
ns 
OCLK to D7-DOenable delay 
CL = 50 pF RL = 2 KO 
tDEZH 
20 
ns 


tODLZ 
36 
ns 


tDDHZ 
OCLK to 07-00 disable delay 
CL = 5 pF RL = 2 KO 


60 
ns 


tDC 
DCLK to CLK separation 


CL = 50 pF RL = 2800 
OE = L 
22 
ns 


tCD 
CLK to DCLK separation 
35 
ns 


tpZL 
19 
ns 
Output enable delay 
CL = 50 pF RL = 2800 


13 
tpZH 
ns 


tPLZ 
12 
ns 


tpHZ 
Output disable delay 
CL = 5 pF RL = 2800 
22 
ns 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
(See Interface Teat LoadlWave'orml) 
MIN 
MAX 
MIN 
MAX 
UNIT 


fMAX 
Maximum output clock frequency 
CL = 50 pF RL = 2800 OE = L 
33 
40 
MHz 


Maximum diagnostic I 
Cascaded 
16 
20 
fMAXD 
clock frequency 
I 


CL = 50 pF RL = 2 KO 
MHz 
Uncascaded 
20 
25 


tCLK 
CLK to output delay 
CL = 50 pF RL = 2800 OE = L 
18 
14 
ns 


tss 
SDI to SDO delay (MODE = HIGH) 
18 
15 
ns 


tMS 
MODE to SDO delay 
CL = 50 pF RL = 2 KO 
27 
18 
ns 


tDS 
DCLK to SDO delay (MODE = LOW) 
38 
30 
ns 


tDEZL 
35 
25 
ns 


tDEZH 
DCLK to D7-DO enable delay 
CL = 50 pF RL = 2 KO 
30 
25 
ns 


tODLZ 
DCLK to D7-DO disable delay 
45 
45 
ns 


tDDHZ 


CL = 5 pF RL = 2 KO 


90 
80 
ns 


tDC 
DCLK to CLK separation 
30 
30 
ns 


tCD 
CLK to DCLK separation 
CL = 50 pF RL = 2800 OE = L 


45 
40 
ns 


tpZL 
Output enable delay 
25 
20 
ns 


tpZH 


CL = 50 pF RL = 2800 
20 
15 
ns 


tpLZ 
Output disable delay 
20 
15 
ns 


tpHZ 
CL = 5 pF RL = 280n 


30 
25 
ns 


~ 


OClK 
VT 


ClK 


I 


,OOE 


SOl 


~ 


ClK 
VT 
VT----------------------------------- 


ICO 
. 


~ 
VT 
I 


If-VT 
-' 
VT"- 


lwd(lOW) 
. 
Iwd(HIGH) 


" 


]'-VT 


~ 
fVT 
.• 
100 
• 


V 
'TJ 


Isudq 
• . 
tr.dq 


07-00 
(AS 
OUTPUTS) 


B7-BO 
*~ 


WAVEFORM 
1 


(See Nole C) 


~ 


lCLOSED 
S2 OPEN 
VT 


IpZH __ 


WAVEFORM 
2 


(See NoleC) 


CL 


(SEE NOTE A)I 


NOTES: 
A. CL includes 
probe and jig capacitance. 


B. All diodes are 1N916 or 1N3064. 


C. Waveform 
1 is for an output 
with internal 
conditions 
such that the 
output 
is low except 
when disabled 
by the output 
control. 


Waveform 
2 is for an output 
with internal 
conditions 
such that the 
output 
is high except when disabled 
by the output 
control. 


D. In the examples 
above 
the phase 
relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


E. All input 
pulses are supplied 
by generators 
having 
the following 
characteristics: 
PAR :5 1 MHz Zout 
= 50n and 
for series 541748 
tA = 2.5 ns tF:5 2.5 ns. 


F. When measuring 
propagation 
delay times of 3-state outputs, 
switches 
81 and 82 are closed. 


07-00, 
SOO 


5Kll 


SN54/74S818 


Basics of Diagnostics 


The basic theory of diagnostics isto insert test data to the inputs 
of a typical system and sample the test results from certain 
nodes of the circuits. For a combinatorial circuit, testing is very 
easy since the circuit has no memory of the previous states. But 
for asequential circuit, the data to besampled at a node depends 
not only on the inputs, but also on the current state it is in. If the 
previous state contains some error, it will possibly perform an 
illegal jump. In that case,depending on which statethe system is 
currently in, the next state may be different. After several illegal 
jumps. it wil' be quite impossible to keep track of the jumps 
which it performs. 


A way to solve the problem is by converting a sequential circuit 
to a combinatorial one. A sequential circuit can often be viewed 
as a network with a clock and a number of inputs and outputs, 
with some outputs being routed back to the inputs (see Figure 
sa). Ifthe loop is broken and inputs which are fed back from the 
outputs are instead fed in from some external sources (see 
Figure 5b), the system can be viewed as combinatorial and 
system testihg will be easier. The "shadow register" concept 
involves shifting in serial data to the hidden register (the shadow 
register) and then loading test data to the output register. 
Together with other system inputs, the test results will appear on 
the output end of the network and can besampled and analyzed. 
and analysed. 


Figure 5b. The feedback of figure 58 is broken to convert the 
system to a non-sequential 
one 


Diagnostic 
On-ChipTl. (DOCTM)Using 
Shadow 
Register 


The diagnostic register is an B-bit register with two levels of 
registers-a 
shadow register and an output register. A shadow 


register is basically a buried register with shift capability. There 
isalsoan output register whose outputs appear to the rest of the 
system. There is an output flipflop to each shadow flipflop. An 
output flipflop drives a three-state output buffer before going to 
the output pin. If the output is disabled, the output pin may be 
converted to an input pin. This feature is ·Jery important if the 
output is driving a bus and sampling of data on the bus is 
desired. 


The input to a bit of the shadow register Is a multiplexer which 
can select from one of the following nodes: 


a) Output of the preceding bit ofthe shadow register (or SOl for 
the least significant bit). 
b) Output of the same bit of the shadow register. 
c) Data on the output pin of the same bit. This data may be the 
output of the corresponding bit of the output register if there is 
no output enable pin and the output is enabled, or the input to 
that pin if there is an output enable pin and output is disabled. 
Refer to Figure 6 for some general information on a typical 
diagnostic functional part with output enable (OE). 


INPUTS 


OUTPUTS 
B LINES, BI-DIRECTIONAL 
(IF OUTPUT 
BUFFERS ARE 
THREE-STATE) 
Figure 6. A typical functional block diagram 
for a diagnostic part 


The input to any bit of the output register is also selected from 
one of the following nodes: 
a) Corresponding input bit. 
b) Corresponding output bit of the shadow register. 


The reasons why ashadow register is preferred, ascompared to 
shifting in diagnostic data directly to the output register, are: 
a) The output register contains control signals for the system. 
Certain bits ofthis register may control different ports which are 
driving the same bus. As diagnostic data is shifted in, these bits 
become random and the ports they are controlling may drive a 
bus simultaneously. Invalid data may appear and worst of all, 
with a low-impedance path between the power supply, severe 
damage may be done to these ports. 
b) As a diagnostic word is shifted in, the system is performing 
different tasks from what it is supposed to do. For example, 
when an ALU is performing an addition, diagnostic data is 
shifted in. The ALU then performs some other functions. The 
status of the system keeps changing. In some cases, illegal 
states may appear which produces unpredictable test results; 
for example, a flag may appear unpredictably. 
c) The shadow register enables diagnostic data to be shifted in 
asbackground datawithout holding up the processoroperation. 


5N54/745818 


The 
diagnostic 
register 
is one 
part 
in a series 
of diagnostic 
products 
which 
follows 
a new 
standard 
for 
diagnostics. 
The 
basic standard 
is described 
in Figure 6 and the table on page one. 


This standard 
implies 
that all diagnostic 
parts in this series are 
ca~cadable. 


Diagnostic Pins 


There are several pins in the diagnostic 
register 
in addition 
to the 


re6ular 
8-bit 
inputs 
and outputs: 


1) Diagnostic 
Clock 
(OCLK)- 
The diagnostic 
clock 
is used to 
clock 
the shadow 
register. 


2) MODE-This 
pin is used in selecting 
the data to the regis- 
ters. 
For the output 
register, 
MODE 
= LOW 
indicates 
that the 
output 
register 
is being 
used 
as a normal 
register; 
MODE 
= 
HIGH 
means 
that the next state of the output 
register 
will 
be 
obtained 
from 
the shadow 
register. 
For the shadow 
register, 
MODE 
= LOW 
indicates 
serial 
data 
from 
SOl 
(see below) 
is 
shifted 
in every diagnostic 
clock; 
MODE = HIGH 
switches 
SOl 
from 
a data input 
to a control 
input. 
See below 
for details. 


31 Serial 
Data 
In (SOI)-When 
MODE 
= LOW, this 
pin 
is for 
shifting 
serial 
data 
in. When 
MODE 
= HIGH, 
SOl serves 
as a 
control 
pin. 
If MODE = HIGH 
and SOl = LOW, data from 
the 
output 
pins 
will 
be loaded 
to the shadow 
register 
on the next 


9CLK. 
MODE 
= HIGH 
and 
SOl = HIGH 
indicate 
a reserved 
operation. 
The data from the diagnostic 
clock 
is held the same. 
This 
reserved 
operation 
will 
be very 
significant 
when 
more 
operations 
than what 
is described 
are needed. 
The diagnostic 
rjlQister gives an example 
of how 
it can be used. 


4) Serial Data Out (SOO)-When 
MODE = LOW, this pin carries 
the shift-out 
bit of the shadow 
register. 
When 
MODE = HIGH, 
the SOl becomes 
a control 
pin and the control 
signal should 
be 
~assed 
along 
if several 
diagnostic 
parts 
are connected 
to- 


gether 
serially. 
So SOO should 
carry 
SOl along 
in this case. 


Write-Back to RAMs 


Due 
to the applications 
of a diagnostic 
register 
in a writable 
rpicroprogram 
control 
store, 
this 
part 
also 
includes 
an addi- 
tional 
feature 
to initialize 
the control 
RAMs; when necessary, 
the 
ir.put 
data 
pins 
to 
the 
register 
can 
be 
operated 
as 
output 


~ins. 
In short, 
a diagnostic 
register 
is an 'asymmetric 
register 
transceiver' 
with shift capability. 
The term 'asymmetric 
register 


transceiver' 
means 
that there 
are two 
bidirectional 
registered 
ports 
on a Chip, 
and 
these 
ports 
are enabled 
with 
different 
rrethodologies 
and 
have 
different 
timings. 
One 
port 
is still 
primarily 
for 
inputs 
(07-00), 
whIle 
the other 
IS primarily 
for 
outputs 
(87-80). 


When 
MODE 
and 
SOl 
are 
both 
HIGHs, 
the 
07-00 
will 
be 


90nverted 
to an output 
port 
on the 
rising 
edge 
of the 
next 
OCLK 
by enabling 
the three-state 
buffers 
driVIng 
the 07-00. 
The input 
for the three-state 
buffers 
is from 
the outputs 
of the 


shadow 
register 
(S7-SO). 


Applications 


This part can be used as a: microprogram 
control 
store register, 


data register, 
status 
register, 
address 
register, 
instruction 
regis- 
ter, interrupt 
mask 
register, 
interrupt 
vector, 
program 
counter, 
stack 
pointer, 
and for other 
general 
purposes. 


If the diagnostic 
registers 
are used 
in a system 
using 
micro- 


program 
control 
words, 
status 
registers, 
and instruction 
regis- 


ters, etc., one way to connect 
them together 
is shown 
in Figure 
7. There 
is only 
one 
data 
input 
and 
one 
data 
output 
to the 
diagnostic 
parts. 
When 
serial 
data 
is shifted 
in or shifted 
out, 
data 
has to 
be passed 
from 
one 
diagnostic 
chip 
to another. 


Since 
SOl 
must 
be passed 
from 
chip-to-chip 
if it is used for 
control, 
it is necessary 
for 
logic 
designers 
to make 
sure 
the 
fall-through 
time of SOl to the last chip and the setup time from 
SOl to DCLK 
are satisfied. 


TEST 
DATA 
OUT 


The diagnostic 
registers 
are basically 
used for diagnostic 
pur- 
poses, 
although 
they 
may 
also 
function 
as parallel-to-serial 
and serial-to-parallel 
converters. 


Two examples 
of how the diagnostic 
parts 
can be built 
into a 
system 
are shown 
in Figures 
8, 9. The diagnostic 
registers 
are 
used to substitute 
the instruction 
register, 
memory 
data registers, 


status register, 
memory 
address 
registers, 
and the registers 
for a 
non-writable 
(Figure 
8) or a writable 
(Figure 
9) microprogram 
control 
store. 
The 
only 
additional 
block 
to a typical 
system 
without 
diagnostic 
features 
is the diagnostics 
controller. 
The 
diagnostics 
'controller 
should 
be able to supply 
the system with 
signals 
like MODE, 
SOl, OCLK, and the register 
clock 
(CLK). 
In 
order words, the diagnostics 
controller 
in ~self is a supercontroller 
of the processing 
unit. It should 
also be noted that all sequential 
paths, 
except 
for 
the 
register 
files, 
should 
be converted 
to 
combinatorial 
paths 
if all the diagnostic 
parts are to break 
the 
sequential 
loops. 


---> 
<---I 


SOO 


SOl 


In normal operation, the diagnostic controller 
will make the 
diagnostic feature inactive by setting MODE = lOW and dis- 
abling DClK and have the ClK free running. 


When diagnostics are needed, the following sequence is per- 
formed: 
1) Shift in diagnostic test data bit-by-bit.ln 
orderto perform this 
operation, ClK is disabled; MODE remains lOW; SDI contains 
the bit to be shifted in. and the diagnostic clock is enabled. This 
will continue until a full test vector is shifted into the shadow 
register. 
2) MODE switches to HIGH. Then DClK is disabled and ClK 
is enabled. The contents of the shadow register, which is the 
test vector. will be loaded into the output register. 
3) The test result is set up at the inputs of the diagnostic 
registers. MODE switches to lOW again. DClK is still disabled 
and ClK is still enabled. The test result will be clocked into the 
output register. 
4) With MODE HIGH and DClK enabled and ClK disabled, 
the test result will be clocked to the shadow register. 
5) With MODE held lOWand 
DClK still enabled and ClK still 
disabled, the test result can be shifted out and analyzed while 
another test vector is shifted in. 


A block diagram of such a diagnostics controller is shown in 
Figure 10. The central control unit of this controller may be a 
disk-based unit or even a diagnostic PROM. Note that. in normal 
operation, MODE remains lOW and only ClK is active. 


Figure 9 is an example with writable programmable control 
store where initialization 
of the control RAMs is necessary. 
This can be done by loading in a sequence of data and address 


through the diagnostics controller. What this controller must 
be able to do. in addition to what is described above (see 
Figure 10), is to disable the outputs from the microprogram 
sequencer and feed in the address through another diagnostic 
register. There is a switch, S1. which switches the SDI to the 
registers of the writable control store from some other regis- 
ter (in Figure 9, it is the memory address register) to the 
diagnostic 
'control store address' register. The initialization 
data is shifted into the shadow register by resetting MODE to 
lOW 
and enabling DClK. 
After all data is shifted into the 
shadow register, MODE and SDI are set HIGH and then followed 
by a ClK, a DClK, and a write to control store. The ClK loads 
the present control store address in the output registers of the 
'control store address' register, and the MODE = HIGH and SDI = 
HIGH will enable the inputs to the diagnostic register asoutputs, 
so that the data in the shadow register can be written back to 
the control store. 


RESET __ 


OTHER 
CONTROL 
SIGNALS 


CLOCK 


MODE 


SOl 
CENTRAL 
CONTROL 
UNIT 


a-Bit Bus Latch Transceivers- 
Advanced 
CMOS-TTL 
Compatible 
74ACT547 
74ACT567 


Features/Benefits 


• Bidirectional tranecelvera utilizing latches 


• Independent latches for A bus and B bus 


• Data can be swapped between Intemallatches 


• 8-blt data paths match byte boundaries 


• '547f567 devices can raplace two '373 devices 


• Independent gate enables for rank A and rank B 


• Low quiescent supply currant of < 10 pA (typical) 


• Active supply currant at about 200/.LS equivalent 


• Wide commercial operating supply and temperatura ranges 
4.5 V to 5.5 V; -40·C to +85·C 


• 24-pln SKINNYDlpe saves space. 


Description 


These transceivers have a pair of 8-bit latches connected back- 
to-back, i.e.the bus pins are used for input or output. The latches 
are followed by either non-inverting 
('ACT547) or inverting 
('ACT567) three-state buffers. 


Both devices have independent gate enable inputs for ranks A 
and B (GA1,GA2, GB1, GB2), and independent output enables 
for ranks A and B (OEAB, OEBA). 


The direction of operation is controlled by OEAB and OEBA. 
When OEAB is Low and OEBA is High, the devices operate in the 
A-to-B direction. When OEAB is High and OEBA is Low, the 
devices operate in the B-to-A direction. When OEAB and OEBA 
are both High, the A and B busesare configured as inputs. When 
OEAB and OEBA are both Low, the A and B buses are 
configured as outputs. See the Bus Operation Tables for the 
detailed operation. 


Data is passed through the latch whenever either of the gate 
enables for the respective rank (GA1 or GA2, GB1 or GB2) are 
asserted. 


All of the a-bit devices are packaged in the popular 24-pin 
SKINNYDIf'@ package. 


PART NUMBER 
PACKAGE 
TEMPERATURE 
POLARITY 
TYPE 
TECH 


74ACT547 
NS,JS 
Commercial 
Noninvert 
latch 
CMOS 
74ACT567 
NS,JS 
Commercial 
Invert 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 Nlono"'h'cm 
NI.mor/ •• 
13-89 


74ACT547 
LATCH TRANSCEIVER 
NON-INVERTING 
OUTPUTS 


74ACT567 
LATCH TRANCEIVER 
INVERTING OUTPUTS 


'ACT547 
(Non-inverting) 
'ACT567 
(Inverting) 


ABUS 
ABUS 


OEBA 


GAl 
OEBA 


GAl 


GA2 
GA2 


GBl 
OEAB 
GBl 
OEAB 
GB2 
GB2 


B BUS 
B BUS 


IEEE Symbols 


'ACT547 
(Non-inverting) 
'ACT567 
(Inverting) 


OEBA 
21 
ENl [BA) 
OEBA 
21 
ENl [BA) 


OEAB 
3 
EN2[AB) 
OEAB 
3 
EN2 [AB) 


GAl 
1 
1 
C3 
GAl 
GA2 
2 
;el 
2 
;el 
C3 
GA2 


GBl 
23 
23 
C4 
GBl 


22 
;el 
22 
;el 
C4 


GB2 
GB2 


20 
20 
AD 
\71 
<I 
40 
BO 
AD 
\71 
<I 
40 
BO 


3D 
t> 
2\7 
3D 
t> 
19 
19 
Al 
Bl 
Al 
Bl 


18 
18 
A2 
B2 
A2 
B2 


17 
17 
A3 
B3 
A3 
B3 


16 
16 
A4 
B4 
A4 
B4 


15 
15 
A5 
B5 
A5 
B5 


14 
10 
14 
A6 
B6 
A6 
B6 


13 
11 
13 
A7 
B7 
A7 
B7 


Function Table 
Nomenclature 
Description 


AO-A7: 


BO-B7: 


x: 


Eight 
input/output 
pins on the A side. 


Eight 
input/output 
pins on the B side. 


H or L state irrelevant 
("Don't 
Care" conditions). 


GA1/GA2: 


GB1/GB2: 


QoAlQoB: 


Gate enables 
for rank A of 'ACT547/'ACT567. 


Gate enables 
for rank B of 'ACT547/'ACT567. 


Previous 
data of the internal 
rank AlB. 


GA1 
GA2 
RANK A 
GBl 
GB2 
RANK 
B 


X 
L 
Enabled 
X 
L 
Enabled 


(Flush) 
(Flush) 


X 
L 
Enabled 
L 
H 
Disabled 


(Flush) 
(Freeze) 


L 
H 
Disabled 
X 
L 
Enabled 


(Freeze) 
(Flush) 


L 
H 
Disabled 
L 
H 
Disabled 


(Freeze) 
(Freeze) 


H 
X 
Enabled 
X 
L 
Enabled 


(Flush) 
(Flush) 


H 
X 
Enabled 
L 
H 
Disabled 


(Flush) 
(Freeze) 


H 
X 
Enabled 
H 
X 
Enabled 


(Flush) 
(Flush) 


om: 
OEBA: 


To enable 
the A-to-B 
operation. 


To enable the B-to-A 
operation. 


OEAB 
OEBA 
OPERATION 
DIRECTION 


L 
L 
A, B buses 
both 
are outputs 


(Transfer 
stored 
data to bus stored) 


L 
H 
A-to-B 


H 
L 
B-to-A 


H 
H 
A, B buses both are inputs 
(storage) 


MonolithicmMemories 


DIRECTION 
DATA I/O 
GATE 
GATE 


OPERATION 
CONTROL 
BLOCK 
DIAGRAM 
ENABLE 
(A) 
RANK A 
ENABLE 
(B) 
RANK 
B 


OEAB 
OEBA 
AO-A7 
BO-B7 
GAl 
GA2 
GBl 
GB2 


L 
H 
QoA 
L 
H 
QoB 


L 
H 
QoA 
H 
X 
B bus 


A 
L 
H 
QoA 
X 
L 
B bus 


.~ 
EB! 


H 
X 
A bus 
L 
H 
QoB 


Storage 
H 
H 
Input 
Input 
EB 
B 


H 
X 
Abus 
H 
X 
B bus 


H 
X 
Abus 
X 
L 
B bus 


BUS 


X 
L 
A bus 
L 
H 
QoB 


X 
L 
A bus 
H 
X 
B bus 


X 
L 
A bus 
X 
L 
B bus 


L 
H 
QoA 
L 
H 
QoB 


L 
H 
QoA 
H 
X 
B bus 


A 
L 
H 
QoA 
X 
L 
B bus 


BUS 
~:'I 


H 
X 
Rank B 
L 
H 
QoB 
B-to-A 
Output 


L~ 


Operation 
H 
L 
of 
Input 
H 
X 
Rank B 
H 
X 
B bus 


Rank B 
H 
X 
Rank B 
X 
L 
B bus 


B 


I 


BUS 
X 
L 
Rank B 
L 
H 
QoB 


X 
L 
Rank B 
H 
X 
B bus 


X 
L 
Rank B 
X 
L 
B bus 


L 
H 
QoA 
L 
H 
QoB 


L 
H 
QoA 
H 
X 
Rank A 


A 
L 
H 
QoA 
X 
L 
Rank A 


Output 
w~ 
55 I 


H 
X 
A bus 
L 
H 
QoB 
,A.-to-B 


~B 


pperation 
L 
H 
Input 
of 
H 
X 
A bus 
H 
X 
Rank A 


Rank A 
H 
X 
A bus 
X 
L 
Rank A 


BUS 


X 
L 
A bus 
L 
H 
QoB 


X 
L 
A bus 
H 
X 
Rank A 


X 
L 
A bus 
X 
L 
Rank A 


L 
H 
QoA 
L 
H 
QoB 


I 


L 
H 
QoA 
H 
X 
Rank A 
.~~I 


L 
H 
QoA 
X 
L 
Rank A 


Transfer 
Output 
Output 
~~: .. 


H 
X 
Rank B 
L 
H 
QoB 


Stored 
L 
L 
of 
of 
H' 
X 
Rank B 
H 
X 
Rank A 
Data 
Rank B Rank A 
H' 
X 
Rank B 
X 


BUS 
L 
Rank A 


X 
L 
Rank B 
L 
H 
QoB 


X' 
L 
Rank B 
H 
X 
Rank A 


X' 
L 
Rank B 
X 
L 
Rank A 


DIRECTION 
DATA I/O 
GATE 
GATE 


OPERATION 
CONTROL 
BLOCK 
DIAGRAM 
ENABLE 
(A) 
RANK 
A 
ENABLE 
(B) 
RANK 
B 


OEAB 
OEBA 
AO-A7 
BO-B7 
GA1 
GA2 
GB1 
GB2 


L 
H 
OoA 
L 
H 
OoB 


L 
H 
OoA 
H 
X 
B bus 


A 
L 
H 
OoA 
X 
L 
B bus 


~~ 
EfJ1 


H 
X 
A bus 
L 
H 
OoB 


Storage 
H 
H 
Input 
Input 
IRA:KI 
B 
H 
X 
A bus 
H 
X 
B bus 


H 
X 
A bus 
X 
L 
B bus 


BUS 


X 
L 
A bus 
L 
H 
OoB 


X 
L 
A bus 
H 
X 
B bus 


X 
L 
A bus 
X 
L 
B bus 


L 
H 
OoA 
L 
H 
OoB 


L 
H 
OoA 
H 
X 
B bus 


A 
L 
H 
OoA 
X 
L 
B bus 


Output 
r~ ":'1 


H 
X 
Rank B 
L 
H 
OoB 


B-to-A 
Operation 
H 
L 
of 
Input 
H 
X 
Rank B 
H 
X 
B bus 


Rank B 
H 
X 
Rank B 
X 
L 
B bus 


BUS 


X 
L 
Rank B 
L 
H 
OoB 


X 
L 
Rank B 
H 
X 
B bus 


X 
L 
Rank B 
X 
L 
B bus 


L 
H 
OoA 
L 
H 
OoB 


L 
H 
OoA 
H 
X 
Rank A 


A 
L 
H 
OoA 
X 
L 
Rank A 
,.. ~ I 


RANK 
OoB 
Output ~~,; . 


H 
X 
A bus 
L 
H 


A-to-B 
Operation 
L 
H 
Input 
of 
H 
X 
A bus 
H 
X 
Rank A 


Rank A 
H 
X 
A bus 
X 
L 
Rank A 


BUS 


X 
L 
A bus 
L 
H 
OoB 


X 
L 
A bus 
H 
X 
Rank A 


X 
L 
A bus 
X 
L 
Rank A 


L 
H 
OoA 
L 
H 
OoB 


L 
H 
OoA 
H 
X 
Rank A 


A 
L 
H 
OoA 
X 
L 
Rank A 


Transfer 
Output 
Output '"'LB~I 


H 
X 
Rank B 
L 
H 
OoB 


Stored 
L 
L 
of 
of 
H' 
X 
Rank B 
H 
X 
Rank A 
Data 
Rank B Rank A 
H' 
X 
Rank B 
X 
L 
Rank A 


BUS 
X 
L 
Rank B 
L 
H 
OoB 


X' 
L 
Rank B 
H 
X 
Rank A 


X' 
L 
Rank B 
X 
L 
Rank A 


Absolute Maximum Ratings 


Supply 
voltage, 
VCC 
.....................................•...........•.................................. 
-0.5 V to 7.0 V 
DC input 
voltage, 
VI 
......................................•....................................... 
-0.5 V to VCC 
+ 0.5 V 


DC output 
voltage, 
Vo 
-0.5 V to VCC 
+ 0.5 V 


DC output 
source/sink 
current 
per output 
pin, 10 ...........................•..................................... 
±35 
mA 


DC VCC or ground 
current. 
ICC or IGND 
±200 
mA 
Input diode 
current, 
11K: 
VI<O 
..................................•...................................•.......................•.... 
-20 
mA 
VI>VCC 
................•.................•..•..•..................................................•.... 
+20 mA 
Output 
diode 
current, 
10K: 


VO<O 
..............................•..............•.................................................... 
-20 mA 


VO>VCC 
+20 mA 
Storage 
temperature 
.............•..•.................•................................................ 
_65° to +150°C 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 


MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
V 


TA 
Operating 
free air temperature 
-40 
85 
°c 


High 
12 


tw 
Width 
of gate 
ns 


Low 
12 


GA1, GB1 
81 


'ACT547 
GA2, GB2 
81 


tsu 
Setup time 
ns 


GA1, GB1 
81 


'ACT567 
GA2, GB2 
81 


GA1, GB1 
81 
'ACT547 
GA2, GB2 
81 


th 
Hold time 
ns 


GA1, GB1 
81 
'ACT567 
GA2, GB2 
t 


tr 
Input 
rise time at VI = 4.5 V 
0 
500 
ns 


tf 
Input fall time at VI = 4.5 V 
0 
500 
ns 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


Vil 
low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2 
V 


IIN 
Input current 
VCC = MAX VI 
= VCC 
± 1.0 
IJA 
orGND 


VCC = MAX 
10l = 20 IJA 
0.1 


VOL 
Low-level output voltage 
VIL 
= MAX 
10L = 6mA 
0.37 
V 
VIH = MIN 
10L = 12 mA 
0.4 


VCC = MIN 
'OH = -201JA 
3.4 
VOH 
High-level output voltage 
VIL 
= MAX 
V 
VIH = MIN 
10H = -6mA 
2.4 


10Z 
Off-state output current 
VCC = MAX Va 
= VCC 
±30 
IJA 
orGND 


ICC 
Quiescent supply current 
VCC = MAX VI 
= VCC 
80 
IJA 
orGND 


TEST 
CONDITIONS 
COMMERCIAL 


SYMBOL 
PARAMETER 
UNIT 
(see Interface Telt LoadIWlveform) 
MIN 
MAX 


tpLH 
GA1, GA2, GB1 or GB2 
32 
to output delay 
ns 
tpHL 
32 


tpLH 


CL = 50 pF 
32 
Data to output delay 
ns 
tpHL 
32 


tpZL 
34 
Output enable delay 
ns 
tpZH 
RL = 1 KO 
34 


tpLZ 
CL = 50 pF 
34 
Output disable delay 
ns 
tpHZ 
34 
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------------3V 


VT 


-------3V 


VT 


3V 


VT 
VT 


OV 
3V 


OV3V 


VT 
VT 


OV 


IpLH 
tpHL 
3V 


VT 
VT 


OV 


tpHL 
IpLH 


VT 
= 1.3V 


________ 
--------3V 


DATA~ 
\ 
INPUT 
'-------OV 


IpHL 


I 
~3V 


1=1-:-H-L-----I=+-~-V-~-PL-H-- 
0 V 


3V 


OEAB/OEBA 
VT 
VT 


OV 


_tpZL 


WAVEFORM 
1 


(SEE NOTE 3) 


(SEE NOTE 2) 


WAVEFORM 2 
51 OPEN 


(SEE NOTE 3) 
52 CLOSED 


51 AND 
52 CLOSED 


VCC 


TE~SPOINT 


FROM OUTPUT 
RL 
51 
UNDER TEST 


C 
L 
1 
(SEE NOTE 1)r 
-=- 


Notes: 
1. CL includes 
probe and jig capacitance. 


2. When measuring 
'pZL, 
51' 
is lied to VCC' 
When measuring 
tpHZ 
and 'PZH, 
51 is tied to ground. 


When measuring 
propagation 
delay times of three-state 
outputs, 
51 is open, Le. 
not connected 
to VCC or ground. 


3. Waveform 1 is for an output with internal conditions 
such that the output is Low except when 


disabled 
by the output 
control. 


Waveform 
1 is for an output 
with internal 
conditions 
such that the output 
is High except when 


disabled 
by the output 
control. 


4. In the examples 
above, the phase relationships 
between 
inputs and outputs 
have been chosen 
arbitrarily. 


5. All input pulses are supplied 
by generators 
having the following 
characteristics: 
PAR :S 1 MHz, tr:S 6 ns, 
tf';; 6 ns, Zout 
= 50n. 


a-Bit Bus Front-Loading Latch 
Transceivers - 
Advanced CMOS-TTL Compatible 
74ACT646 
74ACT648 


• Bidirectional bus transceiver and register 


• Independent registers for A and B buses 


• Real-time data transfer or stored data transfer 


• 24-pln SKINNYDIP@saves space 


• Three-state outputs drive bus lines 


• Low quiescent supply current of <10 p.A(typical) 


• Active supply current at about 20% LS equivalent 


• Wide commercial operating supply and temperature 


ranges 4.5 V to 5.5 V; -40°C to +85°C 


Description 


This 8-bit bus transceiver with three-state outputs has sixteen 
D-type flip-flops and multiplexers. The bus-oriented pinout of 
the part is shown in the Pin Configuration. The internal gate- 
level hardware configurations for the 'ACT646/648 are given in 
the Logic Diagram. The basic repeated element, consisting of an 
edge-triggered flip-flop 
paralleled with a bypassing path, or 


"feed-through", intoa two-way multiplexer issometimes called a 
"front-loading latch." 


A pair of multiplexers are used to distribute two bytes of data 
through the part. The data-routing combinations offered by the 
multiplexers provide flexibility in directing data to or from either 
bus, and/or either register. Data is loaded into registers A or B 
upon the rising edge of the appropriate clock signals. CKA 


Pin Configurations 


'ACT646/648 
8-Bit Bus Front-Loading Latch Transceiver 


PART 
PKG 
TEMP POLARITY OUTPUT 
TECH 
NUMBER 


74ACT646 
NS,JS 
Com 
Noninvert 
Three- 
state 
CMOS 


74ACT648 
NS,JS 
Com 
Invert 


clocks register A, which receives data from the B bus directly at 
its inputs. Similarly, CKB clocks register B, which has the A bus 
available directly at its inputs. Control of the multiplexers is 
provided by two select lines (one per register), SRA and SRB. 
Command of the outputs is performed by enable line E, and 
direction line DIR. 


WhenEis High, data from the busescan be stored into register A 
and B. WhenE is Low and DIR is High, the direction of operation 
is from A to B, when E and DIR are Low, the direction of 
operation is from B to A. 


SRA is used to select between register A and the B bus, and then 
to route the data to a controlled buffer connected to the A bus. 
Likewise, SRB selects between register B and the A bus, and 
then routes the data to the B bus through a controlled buffer. 


TWX: 910-338-2378 


2175 MIBBlon College Blvd. Ssntl 
Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
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InJl1.LI 


CKA 
23 


DIR 
3 


~ 
21 


SRA 
22 


SRB 


CKB 


AO 
4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
-.J 


CKA 
23 


DIR 


~ 
21 


SRA 
22 


SRB 
2 
- -------- -- 


CKB 


AO 
4 


C1 


REGISTER B 


I 
I 
REGISTER 
A 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
-.J 


'ACT646 
'ACT648 


e- 
21 
e- 
21 
G3 
G3 
3 
3 
OIR 
3EN118A] 
OIR 
3EN118A] 


23 
3 EN2 IA8] 
23 
3EN21A8] 


CKA 
orrC4 
CKA 
22 
orrC4 
22 
SRA 
.lTG5 
SRA 
.lTGS 


1 
1 


CK8 
orrC6 
CK8 
orrC6 


SR8 
2 
.lTG7 
SR8 
2 
.lTG7 
20 
20 


4 
'li71 ;e1 
5 
40 
80 
4 
'li71 
;e1 
5 
80 
AO 
5 
AO 
5 


50 
7 
;e1 
50 
7 


"7 
2 
"7 
19 
19 


A1 
81 
A1 
81 


18 
6 
18 
A2 
82 
A2 
82 


17 
7 
17 
A3 
83 
A3 
83 


16 
16 
A4 
84 
A4 
84 


15 
15 


A5 
85 
A5 
85 


10 
14 
10 
14 


A6 
86 
A6 
86 


11 
13 
11 
13 


A7 
87 
A7 
87 


Function 
Table 
Nomenclature 
Description 


E: 


DIR: 


To enable A-to-B or B-to-A operation. 


To select the direction of operation. 


E 
DIR 
OPERATION DIRECTION 


L 
L 
B-to-A 


L 
H 
A-to-B 


H 
X 
A and B buses both are inputs 
(Storage) 


AO-A7: 


80-87: 


CKAlCK8: 


X: 


t: 


UC: 


RGTR: 


To select the output data coming from the AlB 
register if SRAlSRB is a High level; otherwise', 
directly from the input data bus. 


Eight inpuVoutput pins on the A side. 


Eight inpuVoutput pins on the B side. 


Clock for Register AlB. 


H or L state irrelevant ("Don't Care" condition). 


Positive edge of clock causes clocking, if clock 
enable is asserted. 


H or L or j case (nonclocked operation). 


Register. 


CONTROL 
DATA I/O 
CLOCK 


OPERATION 
BLOCK DIAGRAM 
ENABLE 
'ACT646 


E 
DIR 
SRA SRB 
AO-A7 
BO-B7 
CKA CKB 


UC 
UC 
No operation 


,:. 
~ 
UC 
I 
Real time A bus data - 
RGTR B 


Storage 
H 
X 
X 
X 
Input 
Input IF 


UC 
Real time B bus data - 
RGTR A 
B 
B 
I 


BUS 


t 
t 
Real time A bus data - 
RGTR B 


eKB 
CKA 
Real time B bus data - 
RGTR A 


6:tJ 


uc 
UC 
Real time B bus data - 
A bus 


A 
BUS 
Real time B bus data - 
A bus 
UC 
f 
Real time B bus data - 
RGTR B 
Real time 


B-to-A 
L 
L 
L 
X 
Output 
Input 
.~ 
t 
UC 
Real time B bus data - 
A bus 


B 
Real time B bus data - 
RGTR A 
Operation 
BUS 
Real time B bus data - 
A bus 


CKB 
CKA 


t 
t 
Real time B bus data - 
RGTR A 


Real time B bus data - 
RGTR B 


UC 
UC 
RGTR A data - 
A bus 


A 
RGTR A data - 
A bus 
'.. 
~ 
UC 
I 
Stored data 
RGTR A data - 
RGTR B 


B-to-A 
L 
L 
H 
X 
Output 
Input 
~ 
A 
B 
I 
UC 
Real time B bus data - 
RGTR A 
RGTR A data - 
A bus 
Operation 


B 
BUS 


eKB 
CKA 
Real time B bus data - 
RGTR A 


t 
I 
RGTR A data - 
A bus 


RGTR A data - 
RGTR B 


UC 
UC 
Real time A bus data - 
B bus 


A 


~ 


BUS 
Real time A bus data - 
B bus 
UC 
I 
Real time A bus data - 
RGTR B 
Real time 


A-to-B 
L 
H 
X 
L 
Input 
Output 


~ 


I 
UC 
Real time A bus data - 
B bus 


Real time A bus data - 
RGTR A 
Operation 


B 
BUS 
Real time A bus data - 
B bus 


CKB 
CKA 


1 
t 
Real time A bus data - 
RGTR A 


Real time A bus data - 
RGTR B 


UC 
UC 
RGTR B data - 
B bus 


B~S 
~ll 
uc 
t 
Real time A bus data - 
RGTR B 


Stored data 
RGTR B data - 
B bus 


A-to-B 
L 
H 
X 
H 
Input 
Output 
~ 
11 
I 
UC 
RGTR B data - 
B bus 


..-I 
B I 
I ': 
RGTR B data - 
RGTR A 
Operation 
I 
BUS 
Real time A bus data - 
RGTR B 
CKB 
CKA 


t 
I 
RGTR B data - 
B bus 


RGTR B data - 
RGTR A 


CONTROL 
DATA 
I/O 
CLOCK 


OPERATION 
BLOCK 
DIAGRAM 
ENABLE 
'ACT648 


E 
DIR 
SRA 
SRB 
AO-A7 
BO-B7 
CKA 
CKB 


UC 
UC 
No operation 
.~ 
~ 
UC 
t 
Real time A bus data - 
RGTR 
B 


Storage 
H 
X 
X 
X 
Input 
Input 


~ 


UC 
Real time B bus data - 
RGTR A 
B 
B 
t 


BUS 
I 
t 
Real time A bus data - 
RGTR 
B 


CKB 
CKA 
Real time B bus data - 
RGTR A 


UC 
UC 
Real time B bus data - 
A bus 


A 
~ 
Real time B bus data - 
A bus 
BUS 
b:J: 
uc 
t 
Real time B bus data - 
RGTR 
B 
Real time 
..• 


B-to-A 
L 
L 
L 
X 
Output 
Input 


,~~ 


I 
UC 
Real time B bus data - 
A bus 


B 
Real time B bus data - 
RGTR A 
Operation 
BUS 
Real time B bus data - 
A bus 


CKB 
CKA 
t 
I 
Real time B bus data - 
RGTR A 


Real time B bus data - 
RGTR 
B 


UC 
UC 
RGTR A data - 
A bus 


A 
RGTR A data - 
A bus 
BUS 
UC 
t 
..• ~ 
RGTR A data - 
RGTR 
B 
Stored data 


~A 
B-to-A 
L 
L 
H 
X 
Output 
Input 
t 
UC 
Real time B bus data - 
RGTR A 


RGTR 
lB 
RGTR A data - 
A bus 
B 
BUS 
Operation 
i 
Real time B bus data - 
RGTR A 
CKB 
CKA 


r 
I 
RGTR A data - 
A bus 


RGTR A data - 
RGTR 
B 


UC 
UC 
Real time A bus data - 
B bus 


UC 
t 
Real time A bus data - 
B bus 
A 
~~I 


Real time A bus data - 
RGTR 
B 
Real time 
BUS 


A-to-B 
L 
H 
X 
L 
Input 
Output 
f 
UC 
Real time A bus data - 
B bus 
tc·~· 
•... J : 
Real time A bus data - 
RGTR A 
Operation 
BUS 
Real time A bus data - 
B bus 
CKB 
CKA 
Real time A bus data - 
RGTR A 
I 
I 


Real time A bus data - 
RGTR 
B 


UC 
UC 
RGTR 
B data - 
B bus 


~ld 


uc 
I 
Real time A bus data - 
RGTR 
B 


A 
RGTR B data - 
B bus 
Stored data 
BUS 


A-to-B 
L 
H 
X 
H 
Input 
Output 
t 
UC 
RGTR 
B data - 
B bus 
tc~:·•.. 
.1 : 
RGTR B data - 
RGTR A 
Operation 
BUS 
Real time A bus data - 
RGTR 
B 
CKB 
CKA 
t 
t 
RGTR B data - 
B bus 


RGTR B data - 
RGTR 
A 


Absolute 
Maximum 
Ratings 


Supply voltage, VCC 
...........................•........•..•..•.....•..•..•......•.....••.....•......... 
-0.5 V to 7.0 V 
DC input voltage, VI ..................................•.....•..... 
, ..•.....•..•...•.........•..•... 
-0.5 V to VCC +0.5 V 
DC output voltage, Vo 
.....................................•..•.....•.....•.........•.............. 
-0.5 V to VCC+05 V 
DC output source/sink current per output pin, 10 ........•........................................................ 
±35 mA 
DC VCC or ground current, ICC or 'GND .....................•..•...........•......•........................... 
± 100 mA 
Input diode current, 11K: 


VI <0 
.........................................•........................................................ 
-20 mA 
VI >VCC 
.................•............................................•..•...................•......... 
+20 mA 
9utput diode current, 10K: 


Vo <0 
...................•.............................•............................................... 
-20 mA 
Vo >VCC 
................•.............................................................................. 
+20 mA 
Storage temperature 
......•.......................•.................•................................... 
-65 to +150°C 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply voltage 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-40 
85 
°c 


I 
High 
20 


tw 
Width of clock 


I 
ns 


Low 
20 


tsu 
Set up time 
251 
ns 


th 
Hold time 
01 
ns 


tr 
Input rise time at VI = 4.5 V 
0 
500 
ns 


tf 
Input fall time at VI = 4.5 V 
0 
500 
ns 


'OH 
High-level output current 
-6 
mA 


10L 
Low-level output current 
12 
mA 


f 
The arrow indicates the Low-to-High 
transition of the clock input used as reference 


Monolithic W Memories 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
25°C 
COMMERCIAL 
UNIT 
MIN TYP MAX MIN TYP MAX 


VIL 
Low-level input voltage 
0.8 
0.8 
V 


VIH 
High-level input voltage 
2 
2 
V 


'IN 
Input current 
Vee = MAX 
VI 
= VeeorGND 
±1.0 
±1.0 
p.A 


Vee = MIN 
10L = 20l'A 
0.1 
0.1 


VOL 
Low-level output voltage 
VIL 
= MAX 
10 
= 6mA 
0.32 
0.37 
V 


VIH 
= MIN 
IOL=12mA 
0.4 
0.4 


Vee= 
MIN 
'OH = -2OI'A 
3.4 
3.4 
VOH 
High-level output voltage 
V,L 
= MAX 
V 
V,H 
= MIN 
'OH = -6mA 
2.4 
2.4 


10Z 
Off-state output current 
Vee = MAX 
Vo 
= VeeorGND 
±10 
±30 
p.A 


'ce . 
Quiescent supply current 
Vee= 
MAX 
V, 
= VecorGND 
10 
40 
p.A 


TEST CONDITIONS 
COMMERCIAL 


SYMBOL 
PARAMETER 
(See Test 
TA = 25°C 
COMMERCIAL 
UNIT 
LoadlWaveform) 
MIN 
MAX 
MIN 
MAX 


tpLH 
38 
45 
Data to output delay 
ns 
tpHL 
38 
45 


tpLH 
32 
38 
Clock to output delay 
ns 
tpHL 
CL = 50 pF 
32 
38 


tpLH 
Select to output delay· 
32 
35 
(data input high) 
ns 
tpHL 
32 
35 


tpLH 
Sfllect to output delay· 
32 
35 
ns 
tpHL 
(data input low) 
32 
35 


tpZL 
40 
45 
Output enable delay 
ns 
tpZH 
40 
45 


tpLZ 
35 
40 
Output disable delay 
ns 
tpHZ 
RL = 1KO 
35 
40 


tpZL 
CL = 50 pF 
40 
45 
Direction enable delay 
ns 
tpZH 
35 
40 


tpLZ 
30 
35 
Direction disable delay 
ns 
tpHZ 
30 
35 


VT = 1.3V 


Figure 1. 


VT = 1.3 v 


Figure 2. 


J- 
~----------'-\·--V-T-------3V 
DATA 
VT 
OV 


...- 
~LH 
tpHL 


INPUTDATAHIGH 


-;: 
t 
tpLH 


INPUTDATALOW 


NOTES: 
1. When SRAlSRB 
is low, the input data will transfer to output 
bus. 


2. When SAA/SRB is high, the data of register will transfer to output bus. 


3. For the inverting 
devices, the timing 
is similar, 
but the output 
is opposite 
to that for the non-inverting 
devices. 


3V 
E 
VT 
VT 


OV 


3V 
DIR 
VT 
VT 


OV 


....--- 
tpZL ----.. 
_lpLZ 


4.5V 
WAVEFORM 1 
VT 
1.5V 
(SEE NOTE 3) 
0.5 V 
I_IPHZ 
VOL 


(SEE NOTE 2) 
VOH 


WAVEFORM 2 
0.5 V 


(SEE NOTE 3) 
1.5V 


Vcc 


TESHPOINT 


FROM OUTPUT 
RL 
Sl 
UNDER TEST 


CL 
1 
(SEE NOTE 1)I 


-=- 
-=- 


NOTES 
1. CL includes probe and jig capacitance. 


2. When measuring 
fpLZ and tpZL, 8, is tied to VCC' When measuring 
tPHZ and tPZH. 


8, is tied to ground. 


When measuring 
propagation 
delay times 01 three-state 
outputs, 
8, is open, 
Le., 
not connected 
to VCC or ground. 


3. Waveform 
1 is for an output 
with internal conditions 
such that the output 
is Low except when 


disabled by the output 
control. 


Waveform 2 is for an output 
with internal conditions 
such that the output 
is High except when 


disabled by the output control. 


4. In the examples above, the phase relationships 
between inputs and outputs 
have been chosen arbitrarily. 


S. All input 
pulses are supplied by generators having the following characteristics: 
PRR $1 MHz, tr $6 ns, 


tl 56 ns. Zout 
= 50 n. 
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ro 
~ 
~ 
~ 


FREQUENCY·MHz 


8-Bit Bus Front-Loading 
Latch 
Transceivers 
- 
Advanced 
CMOS- TTL Compatible 
74ACT651 
74ACT652 


• 
Bidirectional 
bus transceiver 
and register 


• 
Independent 
registers 
for A and B buses 


• 
Real-time 
data transfer 
or stored 
data transfer 


• 
Simultaneous 
outputs 
on both 
buses 


• 
24-pin 
SKINNYDIP® 
saves space 


• Three-state 
outputs 
drive 
bus lines 


• 
low 
quiescent 
supply 
current 
of <10 J.l.A(typical) 


• Active 
supply 
current 
at about 
20% lS 
equivalent 


• Wide commercial 
operating 
supply 
and temperature 
ranges 
4.5 V to 5.5 V; -40°C 
to +85°C 
Description 


This 8-bit 
bus transceiver 
with 
three-state 
outputs 
has sixteen 


D-type 
flip-flops 
and multiplexers. 
The bus-oriented 
pinout 
of 


the part is shown 
in the Pin Configuration. 
The internal 
gate- 


level hardware 
configurations 
for the 'ACT6S1 1652 are given 
in 


the Logic Diagrams. 
The basic repeated element, 
consisting 
of an 


edge-triggered 
flip-flop 
paralieled 
with 
a bypassing 
path, 
or 


"feed-through", 
into a two-way 
mUltiplexer 
is sometimes 
called a 


"front-loadin9 
latch." 


A pair of mUltiplexers 
are used to distribute 
two 
bytes 
of data 


through 
the part. The data-routing 
combinations 
offered 
by the 


multiplexers 
provide 
flexibility 
in directing 
data to or from either 


bus, andlor 
either 
register. 
Data is loaded 
into registers 
A or B 


Pin Configurations 


'ACT651/652 


8-BIt 
Bus Front-loading 
latch 
Transceiver 


;" 


VCC 


CKA 


SRA 


G8A 


80 


81 


82 


83 


B4 


85 


8& 


87 


PART 
PKG 
TEMP 
POLARITY 
OUTPUT 
TECH 
NUMBER 


74ACT651 
NS,JS 
Com 
Noninvert 
Three- 


state 
CMOS 


74ACT652 
NS,JS 
Com 
Invert 


upon 
the 
rising 
edge 
of the 
appropriate 
clock 
signals. 
CKA 


clocks 
register 
A, which 
receives 
data from 
the B bus directly 
at 


its inputs. 
Similarly, 
CKB clocks 
register 
B, which 
has the A bus 


available 
directly 
at its inputs. 
Control 
of the 
multiplexers 
is 


provided 
by two select 
lines (one per register), 
SRA and SRB. 


Command 
of the outputs 
is performed 
by two enable 
lines, GAB 
and GBA. 


When GAB is low and GBA is high, data from 
the buses can be 


loaded 
into registers 
A and B. When 
GBA 
is low, the A bus is 


configured 
for output. 
When GAB is high, the B bus is configured 
for output. 
The A and B buses can be enabled 
at the same time, 


to operate 
as outputs 
simultaneously. 


SRA is used to select between 
register 
A and the B bus, and then 


to route the data to a controlled 
buffer 
connected 
to the A bus. 


Likewise, 
SRB selects 
between 
register 
B and the A bus, and 


then routes the data to the B bus through 
a controlled 
buffer. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
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13·111 


23 
CKA 


GAB 
22 
SRA 
2 
SRB 
_21 
GBA 


CKB 


4 
AO-, 


I 
I 
I 
I 
I 
I 
I 
L 


23 
CKA 
3 
GAB 
22 
SRA 


SRB 


G8A 
21 


CKB 


74ACT651 
74ACT652 


IEEE Symbols 


'ACT651 
'ACT652 


GBA 
21 


GBA 
21 


3 
EN1 [BA) 


3 
EN1 [BA) 


GAB 
EN2[AB) 
GAB 
EN2[AB) 
23 
23 
CKA 
C4 
CKA 
C4 
22 
22 


SRA 
G5 
SRA 
G6 


1 
1 
CKB 
C6 
CKB 
C6 


SRB 
2 
G7 
SRB 
2 
G7 


20 
20 
4 
1 21<1 
5 
40 
BO 
4 
121<15 
BO 
AO 
'V 
5 
AO 
'V 
5 


so 
7 
so 
7 


'; 
19 
5 
'; 
19 
A1 
B1 
A1 
B1 


16 
6 
16 
A2 
B2 
A2 
B2 


7 
17 
17 
A3 
B3 
A3 
B3 
16 
6 
16 
A4 
B4 
A4 
B4 


9 
15 
9 
15 
AS 
B5 
AS 
B5 


10 
14 
10 
14 
A6 
B6 
A6 
B6 


11 
13 
11 
13 
A7 
B7 
A7 
B7 


Function 
Table 
Nomenclature 
Description 


GAB: 


GBA: 


To enable 
A-to-B 
operation. 


To enable 
B-to-A 
operation. 


GAB 
GBA 
OPERATION 
DIRECTION 


L 
L 
B-to-A 


L 
H 
A and B buses 
both 
are inputs 
(Storage) 


H 
L 
A and 
B buses 
both 
are outputs 
(Transfer 
stored 
data to bus) 


H 
H 
A-to-B 


AO-A7: 


BO-B7: 


CKAICKB: 


X: 


1: 


UC: 


RGTR: 


To select 
the output 
data coming 
from 
the AlB 
register 
if SRAlSRB 
is a High 
level; 
otherwise, 


directly 
from 
the input 
data bus. 


Eight 
inpuVoutput 
pins on the A side. 


Eight 
inpuVoutput 
pins on the B side. 


Clock 
for register 
AlB. 


H or L state irrelevant 
("Don't 
Care" condition). 


Positive edge ofCK causes clocking, 
if clock enable 
is asserted. 


H or L or j case (nonclocked 
operation). 


Register. 


Monollthlom MemorIes 


CONTROL 
DATA I/O 
CLOCK 
OPERATION 
BLOCK DIAGRAM 
ENABLE 
'ACT651 


GAB GBA SRA SRB 
AO-A7 
BO-B7 
CKA CKB 


.:. 
~ 


uc 
UC 
No operation 


UC 
I 
Real time 
A bus data 
- 
RGTR B 


Storage 
L 
H 
X 
X 
Input 
Input t[ffi 
B 
B 
I 
UC 
Real time 
B bus data 
- 
RGTR A 
r 
BUS 
Real time 
A bus data 
- 
RGTR B 
eKB 
CKA 
I 
I 
Real time 
B bus data - 
RGTR A 


UC 
UC 
Real time 
B bus data - 
A bus 


A 
AB:l=J 


Real time 
B bus data 
- 
A bus 
BUS 
UC 
I 
Real time 
Real time B bus data - 
RGTR 
B 


B-to-A 
L 
L 
L 
X 
Output 
Input 
.~~ 
I 
UC 
Real time 
B bus data - 
A bus 


Operation 


B 
Real time 
B bus data - 
RGTR 
A 


BUS 
Real time 
B bus data 
- 
A bus 


CKB 
CKA 
I 
I 
Real time 
B bus data 
- 
RGTR 
A 
Real time B bus data - 
RGTR 
B 


UC 
UC 
RGTR 
A data - 
A bus 


A 


R~TR;l 


RGTR 
A data - 
A bus 
BUS 
UC 
I 


Stored 
data 


A 
RGTR A data - 
RGTR 
B 


B-to-A 
L 
L 
H 
X 
Output 
Input 
~. 
Real time 
B bus data 
- 
RGTR 
A 


lB~S 


1 
UC 
RGTR A data - 
A bus 
Operation 


CKB 
CKA 
Real time 
B bus data 
- 
RGTR 
A 


I 
I 
RGTR A data - 
A bus 
RGTR A data - 
RGTR 
B 


UC 
UC 
Real time 
A bus data 
- 
B bus 


A 
~~I 


uc 
I 
Real time 
A bus data 
- 
B bus 


Real time 


BUS 
Real time 
A bus data 
- 
RGTR 
B 


A-to-B 
H 
H 
X 
L 
Input 
Output 
~~n 
I 
UC 
Real time 
A bus data - 
B bus 
•.. J -: 
Real time A bus data 
- 
RGTR 
A 


Operation 
BUS 
Real time A bus data - 
B bus 
CKB 
CKA 


I 
I 
Real time A bus data 
- 
RGTR 
A 


Real time 
A bus data - 
RGTR 
B 


UC 
UC 
RGTR 
B data - 
B bus 


A 
~~I 


uc 
I 
Real time 
A bus data - 
RGTR 
B 


Stored 
data 


BUS 
RGTR B data - 
B bus 


A-to-B 
H 
H 
X 
H 
Input 
Output 
~~n 
I 
UC 
RGTR 
B data - 
B bus 


Operation 
... J 
B 
RGTR B data - 
RGTR 
A 


BUS 


CKB 
CKA 
Real time 
A bus data 
- 
RGTR 
B 


I 
1 
RGTR B data - 
B bus 
RGTR B data - 
RGTR 
A 


UC 
UC 
RGTR 
A/B 
data - 
A/B 
bus 


A 


BU~ 
RGTR 
AlB 
data - 
A/B 
bus 


RGTR'- 
UC 
1 


Transfer 
A J- 
RGTR A data - 
RGTR 
B 


Stored 
H 
L 
H 
H 
Output 
Output 
L- RGTR 
... 
I 
UC 
RGTR 
A/B 
data - 
A/B 
bus 


B 
RGTR B data - 
RGTR 
A 
Data 
r 


B 
BUS 
RGTR 
AlB 
data - 
A/B 
bus 
CKB 
CKA 
I 
I 
RGTR A data 
- 
RGTR 
B 
RGTR B data - 
RGTR 
A 


OPERATION 


GAB GBA SRA SRB 
AO-A7 
BO-B7 


Stored 
data 


B-to-A 


Stored 
data 


A-to-B 


Operation 


Transfer 


Stored 


Data 


A 


B~ 
L~ 
B:t1 
IB~S 


CKA 


CLOCK 
ENABLE 


CKA CKB 


UC 
No operation 


I 
Real time A bus data - 
RGTR 
B 


UC 
Real time B bus data - 
RGTR A 


Real time A bus data - 
RGTR 
B 


Real time 
B bus data - 
RGTR A 


:.~ 
CKB 


UC 
UC 
Real time B bus data - 
A bus 


Real time B bus data - 
A bus 


Real time B bus data - 
RGTR 
B 


Real time B bus data - 
A bus 


UC 
Real time 
B bus data - 
RGTR A 


Real time B bus data - 
A bus 


1 
Real time B bus data - 
RGTR A 
Real time B bus data - 
RGTR 
B 


UC 
UC 
RGTR A data - 
A bus 


RGTR A data - 
A bus 


RGTR A data - 
RGTR 
B 


UC 
Real time B bus data - 
RGTR A 


RGTR A data - 
A bus 


A 


BUS 
~ RGTA 
A 


RGTR 
B 


~ 
~.oo 


A 


BUS 
~ 


~ 
A 
B 
rLJ 


BUS 
CKB 
CKA 


Real time B bus data - 
RGTR A 


1 
RGTR A data - 
A bus 


RGTR A data - 
RGTR B 


UC 
UC 
Real time A bus data - 
B bus 


Real time A bus data - 
B bus 


Real time A bus data - 
RGTR 
B 


Real time A bus data - 
B bus 


UC 
Real time A bus data - 
RGTR A 


Real time A bus data - 
B bus 
I 
Real time A bus data - 
RGTR A 
Real time A bus data - 
RGTR 
B 


UC 
UC 
RGTR 
B data - 
B bus 


Real time A bus data - 
RGTR B 
RGTR B data - 
B bus 


RGTR B data - 
B bus 


UC 
RGTR 
B data - 
RGTR A 


Real time A bus data - 
RGTR 
B 


1 
RGTR 
B data - 
B bus 


RGTR 
B data - 
RGTR A 


UC 
UC 
RGTR A/B data - 
A/B 
bus 


RGTR A/B data - 
A/B 
bus 


RGTR A data - 
RGTR 
B 


UC 
RGTR AlB 
data - 
A/B 
bus 


RGTR 
B data - 
RGTR A 


RGTR A/B data - 
A/B bus 
1 
RGTR A data - 
RGTR B 
RGTR B data - 
RGTR A 


Absolute 
Maximum 
Ratings 


Supply voltage, VCC 
.............................•.............•........................................ 
-0.5 V to 7.0 V 
DC input voltage, VI ..............................•................................................ 
-0.5 V to VCC +0.5 V 
DC output voltage, Vo 
-0.5 V to VCC+0.5 V 
DC output source/sink current per output pin, 10 .........................................•......•................ 
±35 mA 
DC VCC or ground current, ICC or IGND ................................•...................................... 
± 100 mA 
Input diode current, 11K: 


VI <0 
.....................................•............................................................ 
-20 mA 
VI >VCC ...............................•.............................•................................. 
+20 mA 
Output diode current, 10K: 


Vo <0 
..................................................•...•..................•....................... 
-20 mA 
Vo >VCC ........................•.................................... 
,.........•....................... 
+20 mA 
Storage temperature 
.......................•..•......................................................... 
-65 to +150°C 


SYMBOL 
COMMERCIAL 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.5 
5 
5.5 
V 


TA 
Operating free-air temperature 
-40 
85 
°c 


I 
High 
20 


tw 
Width of clock 
I 
.. 
ns 


Low 
20 


tsu 
Set up time 
251 
ns 


th 
Hold time 
01 
ns 


tr 
Input rise time at VI = 4.5 V 
0 
500 
ns 


tf 
Input fall time at VI = 4.5 V 
0 
500 
ns 


10H 
High-level output current 
-6 
mA 


10L 
Low-level output current 
12 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
25°C 
COMMERCIAL 
UNIT 
MIN TYP MAX MIN TYP MAX 


I 
VIL 
Low-level 
input voltage 
0.8 
0.8 
V 


I 


VIH 
High-level 
input voltage 
2 
2 
V 


IIN 
Input current 
VCC = MAX 
VI 
= VCC or GND 
:t1.0 
:t1.0 
IJA 


VCC = MIN 
10L = 20 JJA 
0.1 
0.1 


I 


VOL 
Low-level 
output 
voltage 
VIL 
= MAX 
10 
= 6mA 
0.32 
0.37 
V 


VIH 
= MIN 
10L = 12mA 
0.4 
0.4 


VCC = MIN 
10H = -20 
JJA 
3.4 
3.4 


VOH 
High-level 
output 
voltage 
VIL 
= MAX 
V 


VIH 
= MIN 
10H = -6mA 
2.4 
2.4 


10Z 
Off-state 
output 
current 
VCC = MAX 
Vo 
= VccorGND 
:t10 
:t3O 
IJA 


ICC. 
Quiescent 
supply current 
VCC = MAX 
VI 
= VccorGND 
10 
40 
IJA 


TEST CONDITIONS 
COMMERCIAL 


SYMBOL 
PARAMETER 
(See Test 
TA=25°C 
COMMERCIAL 
UNIT 
LoadlWaveform) 
MIN 
MAX 
MIN 
MAX 


tpLH 
39 
48 


Data to output 
delay 
ns 
tpHL 
35 
42 


tpLH 
35 
44 


Clock 
to output 
delay 
ns 
tpHL 
CL = 50 pF 
35 
40 


tpLH 
Select 
to output 
delay· 
32 
40 


(data input 
high) 
ns 
tpHL 
32 
40 


tpLH 
Select 
to output 
delay· 
35 
44 


(data input 
low) 
ns 
tpHL 
32 
36 


tpZL 
GBA to A bus 
28 
32 


output 
enable 
delay 
ns 
tpZH 
28 
32 


tpLZ 
GBA to A bus 
28 
32 


output 
disable 
delay 
ns 
tpHZ 
RL=1KO 
35 
38 


tpZL 
GAB to B bus 
CL = 50 pF 
30 
33 


output 
enable 
delay 
ns 
tpZH 
28 
32 


tpLZ 
GAB to B bus 
28 
32 


output 
disable 
delay 
ns 
tpHZ 
35 
38 


DATA y.---VT---------\'---V- 
T 
------:: 


3V 


OV 


3V 


OV 


3V 


OV 


VOH 


VOL 


IpLH 


NOTES: 1. When SAA/SRB is low, the input data will transfer to output bus. 


2. When SRA/SRB is high, the data of register will transfer to output bus. 


3. For the inverting devices. the timing is similar. but the output is opposite to that for the non-inverting 
devices. 


3V 


VT 
OV 


VOH 


VT 
VOL 


IpHL 


I Typical lee va. Frequency 


~3·120 
MonolithicmMelJlorles 


3V 


GBA 
VT 
VT 


OV 


3V 


GAB 
VT 
VT 


OV 


....- 
IPZl-----" 
_lpLZ 


4.5V 


WAVEFORM 
1 
VT 
1.5 V 


(SEE NOTE 3) 
0.5 V 


l~tPHZ 
VOL 
(SEE NOTE 2) 


VOH 


WAVEFORM 2 
0.5 V 


(SEE NOTE 3) 
1.5V 


Figure 
5 


Vcc 


TESHPOINT 


FROM OUTPUT 
RL 
S1 
UNDER TEST 


C 
L 
1 
(SEE NOTE 1)I 


-=- 
-=- 


NOTES 
1. CL includes probe and jig capacitance. 


2. When measuring IpLZ and tPZL. 8, is tied to VCC. When measuring IPHZ and IpZH. 
8, is tied to ground. 


When measuring 
propagation 
delay times of three-state 
outputs, 8, is open. 
Le.. 


not connected 
to VCC or ground. 


3. Waveform 1 is for an output with internal conditions 
such that the output is low except when 


disabled by the output control. 


Waveform 
2 is for an output 
with 
internal 
conditions 
such that the output 
is High except when 
disabled 
by the output 
control. 


4. In the examples 
above, the phase relationships 
between 
inputs and outputs 
have been chosen 
arbitrarily. 


5. All input pulses are supplied by generators having the following 
characteristics: 
PRR::;1 MHz. tr:56 ns. 


tf ::;6 ns. Zout = 50 fl. 


~-Bit Latches/Registers 
with Readback- 
Advanced 
CMOS- TTL Compatible 
~4ACT793 
74ACT794 


Featuresl 
Benefits 
.11/0 port configuration 
enables 
output 
data back 
onto 
input 
bus 


• 
Low quiescent 
supply 
current 
of < 10 IlA (typical) 


• 
Eighth 
bits matches 
byte boundaries 


• 
Ideal for microprocessor 
interface 


• Wide commercial 
operating 
supply 
and temperature 
ranges 
4.5 V to 5.5 V; -40°C 
to + 85°C 
Description 


T~ese 8-bit 
latches/registers 
are useful 
for I/O operations 
on a 
microprocessor 
bus. An image 
of the output 
data can be read 
b~ck 
by the CPU. 
This 
operation 
is important 
in control 
algo- 
rithms 
which 
make 
decisions 
based on the previous 
status 
of 
output 
controls. 
Rather 
than 
storing 
a redundant 
copy 
of the 
output 
data in memory, 
simply 
reading 
the register as an 110 port 
allows 
the data to be retrieved 
from 
where 
it has been stored 
in 
an ACT793/4, 
for verification 
and/or 
updating. 


The data is loaded in the registers 
on the low-ta-high 
transition 
of 
t~e clock 
(CK). for the ACT794. 
The data is passed through 
the 


ACT793 
when 
the gate, (G). is High, and it is "latched" 
when G 


changes 
to Low. The output 
enable, 
OE is used to enable data on 
D7-DO. When 
OE is low the output 
of the latches/registers 
is 


enabled 
on D0-D7, enabling 
D as an outut 
bus so that the host 


can 
perform 
a read 
operation. 
When 
OE is High, 
D7-00 
are 
i~puts 
to the latches/registers 
configuring 
D as an input 
bus. 


The output 
drive of these commercial 
parts for any output 
pin is 
10L = 12 mA. 


'~CT793 
Function Table 


G 
OE 
a 
0 


L 
L 
°0" 
Output, 
° 
L 
H 
°0" 
Input 
Ht 
L 
D' 
Output, 
0' 


H 
H 
D 
Input 


* In this case the output of the latch feeds the input. and a "race" 


condition results. 


** 00 represents the previous '·Iatched" state. 


ThiS transition ISnot a normal mode of operation and may produce hazards. 


PART 
PKG 
TEMP 
POLARITY 
TYPE 
TECH 
NUMBER 


74ACT793 
N,J 
Com 
Non- 
Latch 


invert 
CMOS 
74ACT794 
N,J 
Com 
Register 


'ACT794 


vcc 


00 
00 


01 
D1 
01 


02 
02 


03 
03 


Q4 
D4 
04 


05 
05 


06 
06 


07 
07 


CK 
OE 
a 
0 


Lor 
H or I 
L 
°0 
Output, 
° 


Lor 
H or I 
H 
°0 
Input 
I 
L 
°0 
Output, 
0' 
I 
H 
D 
Input 


* In this case theautput 
of the register is clocked to the Inputs and the overall 
o output 
is unchanged 
at QO' 


Monolithic 1!1!11 
Memories 
InJnJJ 


Absolute 
Maximum 
Ratings 


Supply 
voltage, 
VCC 
...................................•...•............................................ 
-0.5 V to 7.0 V 
DC input voltage, 
VI 
..............................................•.•.......................•...... 
-0.5 V to VCC +0.5 V 
DC output 
voltage, 
Vo 
-0.5 V to VCC +0.5 V 
DC output 
source/sink 
current 
per output 
pin. 10 
..........................................•...................... 
±35 mA 
DC VCC or ground 
current. 
ICC or IGND 
..................................................................•.... 
±1oo mA 
Input diode 
current, 
11K: 
VI <0 
.........................................................................................•......... 
-20 mA 
VI >VCC 
..................................•............................................................. 
+20 mA 
Output 
diode 
current, 
10K: 


Vo <0 
..................•....................•........•.....•...........•............................... 
-20 mA 
Vo >VCC 
..................•.....•...................................................................... 
+20 mA 
Storage 
temperature 
..........•..•..•..•....................•.....•........................•......... 
-65°C 
to +150°C 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
V 


TA 
Operating 
free-air 
temperature 
-40 
85 
°c 


High 
15 
tw 
Width 
of Clock/Gate 
ns 


Low 
15 


'ACT793 
81 
lsu 
5etuptime 
'ACT794 
251 
ns 


'ACT793 
81 


th 
Hold time 
'ACT794 
01 


tr 
Input 
rise time at VI = 4.5 V 
0 
500 
ns 


tf 
Input 
fall time at V, = 4.5 V 
0 
500 
ns 


10H 
High-level 
output 
current 
-6 
mA 


10L 
Low-level 
output 
current 
12 
mA 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VIL 
Lpw-Ievel 
input voltage 
0.8 
V 


VIH 
~igh-Ievel 
input voltage 
2 
V 


'IN 
Input current 
VCC= 
MAX 
VI = VCC or GND 
±1.0 
/loA 


VCC= 
MIN 
10L = 20/loA 
0.1 


VOL 
Low-level 
output 
voltage 
VIL = MAX 
10L = 6mA 
0.37 
V 
VIH= 
MIN 
10L = 12mA 
0.4 


VCC= 
MIN 
10H = -20 /loA 
3.4 


VOH 
High-level 
output 
voltage 
VIL = MAX 
V 
VIH = MIN 
10H = -6mA 
2.4 


10Z 
Off-state 
output 
current 
VCC = MAX 
Vo = VCC or GND 
±30 
/loA 


ICC 
Quiescent 
supply 
current 
VCC= 
MAX 
VI = VCC or GND 
80 
/loA 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
(See Test Load/Waveform) 
MIN 
MAX 


tpLH 
40 
Data to output 
delay 
ns 
tpHL 
40 


tpLH 
CL = 50 pF 


40 


Gate to output 
delay 
ns 
tpHL 
40 


tpZL 
30 


Output 
enable 
delayt 
ns 
tpZH 
RL = 1 K II 
30 


.tpLZ 
CL = 50 pF 
33 


Output 
disable 
delayt 
ns 
tpHZ 
33 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
COMMERCIAL 
UNIT 
(See Test Load/Waveform) 
MIN 
MAX 


tpLH 
40 


Clock 
to output 
delay 
CL = 50 pF 
ns 
tpHL 
40 


tpZL 
30 


Output 
enable 
delay 
ns 
tpZH 
RL = 1 KO 
30 


tpLZ 
CL = 50 pF 
30 


Output 
disable 
delay 
ns 
tpHZ 
30 


VCC 


TE~SPOINT 


FROM OUTPUT 
RL 
Sl 
UNDER TEST 
(SEE NOTE 2) 


C 
L 
1 
(SEE NOTE 1)I 


- 
- 


Notes 
1. CL includes 
probbe 
and jig capacitance. 


2. When measuring 
lPLZ and IpZL. 51 is tied to VCC' When measuring 
IPHZ and tpZH. 


81 is tied to ground. 


When measuring 
propagation 
delay times of three-state 
outputs, 
81 is open, Le., 


not connected 
to VCC or ground. 


3. Waveform 
1 is for an output 
with 
internal 
conditions 
such that the output 
is Low except 
when 
disabled 
by the output 
control. 


Waveform 
2 is for an output 
with internal 
conditions 
such that the output 
is High except 
when 
disabled by the output control. 


4. In the examples 
above, the phase relationships 
between 
inputs 
and outputs 
have been chosen 
arbitrarily. 


5. All input pulses are supplied 
by generators 
having the following 
characteristics: 
PRR '$ 1 MHz, Ir '$ 5 ns, 


If '$ 6 ns, Zout = 50 U. 
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DEVICE 
FUNCTION 
PACKAGE 
PINS 


NOR Gate 


MC10H102 
Quad 2-lnput 


MC10H211 
Dual 3-lnput. 
3-0utput 


OR Gate 


MC10H103 
Quad 2-lnput 


MC10H210 
Dual 3-lnput, 
3-0utput 


AND Gates 


MC10H104 
Quad 
AND 


Complex 
Gates 


MC10H101 
Quad 
ORINOR 


MC10H105 
Triple 
2-3-2 Input ORINOR 


MC10H107 
Triple 
Exclusive 
ORINOR 


MC10H109 
Dual 4-5 Input 
ORINOR 


M010Hl17 
Dual 2-Wide 
OR-AND/OR-AND 
Invert 


MC10Hl18 
Dual 2-Wide 
3-lnput 
ORlAND 


MC10H121 
4-Wide 
OR-AND/OR-AND 
Invert 


Translators 


MC10H124 
QuadTTUECL 


MC10H125 
Quad 
ECUTTL 


Receivers 


MC10Hl15 
Quad 
Line Receiver 


MC10Hl16 
Triple 
Line Receiver 


flip-Flop 
Latches 
J. N 
16 


MC10Hl30 
Dual latch 


MC10H131 
Dual D Master 
Slave Flip-FLop 


MC1OH175 
Quint 
Latch 


MC10H176 
Hex D-Flip-Flop 


Parity Checker 


MC10Hl60 
12-Bit 
Parity 
Generator-Checker 


Encoders/Decodes 


MC10H161 
Binary 
to 1-8 (Low) 


Mc10H162 
Binary 
to 1-8 (High) 


Data selector 
Multiplexer 


MC10Hl58 
Quad 2-lnput 
Multiplexers 
(Non-inverting) 


MC10H159 
Quad 
2-lnput 
Multiplexers 
(Inverting) 


MCioHl64 
8-Line 
MUltiplexer 


MC10H173 
Quad 
2-lnput 
MUltiplexer 
Latch 


MC10H174 
Dual 4-1 multiplexer 


Counters 


MC10H016 
Binary 
Counter 


MC10Hl36 
Universal 
Hexadecimal 


ArIthmetic 
Functions 


MC10H179 
Lookahead 
Carry 
Block 


Special Functions 


MC10H141 
Universal 
Shift Register 


MC10Hl66 
5-Bit 
Magnitude 
Comparator 


I 


I 


~ 


CL 10KH High-Speed 
mitter-Coupled 
Logic Family 
C10H016 


t-Bit 
Binary Counter 


l 
j 


eatures/ Benefits 


- 
Counting 
frequency, 
200 MHz min. 


- 
Power dissipation 
570 mW typical 


- 
Noise margin 
150 mV 


- 
Voltage compensated 


-I ECl 
10K-compatible 


Description 


T~e MC10H016 
is a high-speed 
synchronous, 
presettable, 
cas- 


j 


dable 4-bit 
Binary 
Counter. 
This device 
is a member 
of Mono- 


Ii hic Memories' 
new 
ECl 
10KH family. 
It is useful 
for a large 


n 
mber 
of 
conversion, 
counting, 
and 
digital 
integration 


a plications. 


in Configuration 


MC10H016 
4-blt Binary Counter 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H016 
J, N, Nl 
Com 


CE 
PE 
MR 
CP 
FUNCTION 


L 
L 
L 
Z 
Load 
parallel 
(Pn to Qn) 


H 
L 
L 
Z 
Load 
parallel 
(Pn to Qn) 


L 
H 
L 
Z 
Count 


H 
H 
L 
Z 
Hold 


X 
X 
L 
ZZ 
Masters 
respond; 


slaves 
hold 


X 
X 
H 
X 
Reset 
(Qn = LOW, 


TC = HIGH) 


Z = Clock Pulse (Low to High) 


ZZ = Clock Pulse (High to Low). 


Features include assertion inputs and outputs on each of the four master/slave 
counting 
flip-flops. 
Terminal 
count is generated 
internally 
in a manner that 
allows synchronous 
loading at nearly the speed of the basic counter. 


I 
TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
Monolithic ~T!n 
Memories 
U1JrW 


°1 
--SLAVe----, 
I 
I 
I 
I 
I 
I 
I 
I 


°2 
--SLAVE---i 
I 
I 
I 
I 
I 
I 
I 
I 
____ 
-_-I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
__ 
.J 


Note: 
This diabram is provided for understanding 
of logic operation 
only. It should not be used for evaluation of propagation 
delays as many gate functions are 
achieved internally without incurring a full gate delay. 


Absolute 
Maximum 
Ratings 


S~pply voltage VEE (VCC 
= 0) 
-8.0 V to 0 Vdc 
I~put voltage VI (VCC = 0) 
.................................................•.............................. 
0 Vdc to VEE 
Output 
Current: 
Continuous 
50 mA 
Surge 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


I VEE 
Supply 
voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
°c 
I 
Plastic 
-55 
150 
TSTG 
Storage 
Temperature 
Range 


I 
°c 


Ceramic 
-55 
165 


~YMBOL 
0° 
25° 
75° 


PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply 
current 
- 
126 
- 
115 
- 
126 
mA 
I All except 
MR 
- 
450 
- 
265 
- 
265 


'inH 
Input 
current 
HIGH 
I Pin 12 MR 


p.A 
- 
1190 
- 
700 
- 
700 


IlinL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


IVOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
Low input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


I~witching Characteristics 
vEE = 5.2 V, ±5% (See Note) 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Clock 
to Q 
1.0 
2.4 
1.0 
2.5 
1.0 
2.7 


tpd 
Propagation 
delay 
Clock 
to TC 
0.7 
2.4 
0.7 
2.5 
0.7 
2.6 
ns 


MRtoQ 
0.7 
2.4 
0.7 
2.5 
0.7 
2.6 


I 
Pn to Clock 
2.0 
- 
2.0 
- 
2.0 
- 


tset 
Setup time 
ns 


CE or PE to Clock 
2.5 
- 
2.5 
- 
2.5 
- 


Clock 
to Pn 
1.0 
- 
1.0 
- 
1.0 
- 
thold 
Hold time 
ns 


Clock 
to CE or PE 
0.5 
- 
0.5 
- 
0.5 
- 


fcount 
Counting 
frequency 
200 
- 
200 
- 
200 
- 
MHz 


tr·t+ 
Rise time 
0.5 
2.0 
0.5 
2.1 
0.5 
2.2 
ns 


tf,t- 
Fall time 
0.5 
2.0 
0.5 
2.1 
0.5 
2.2 
ns 


Each Eel 10KH series circuit 
has been designed 
to meet the de specifications 
shown 
in the test table. 
after thermal 
equilibrium 
has been established. 


Thecircuit 
is in a test socket or mounted 
on a printed 
circuit 
board and transverse 
air flow greater than 500 linearfpm 
is maintained. 
Outputs 
are terminated 
through 
a 50 n resistor 
to -2.0 V. 


ECL 10KH High Speed 
Emitter Coupled Logic Family 
MC10H100 
Quad 2-lnput NOR Gate with Strobe 


Features/ Benefits 


• Propagation delay, 1 ns typical 


• 25 mW typical/gate (no load) 


• Noise margin 150 mV 


• Voltage compensated 


• ECl10K-compatlbie 


I PART NUMBER 
PACKAGE 
TEMPERATURE 


I 
MC10H100 
J,N,Nl 
Com 


Description 


The M10H100 is a member of Monolithic Memories' ECL 10KH 
family. This ECLdevice isa Quad 2-lnput NOR Gatewith Strobe. 
This device is a functional/pinout 
duplication of the standard 


ECL 10K family part, with 100% improvement in propagation 
delay and no increase in power supply current. 


VCC1 = PIN 1 
VCC2 = PIN 16 
VEE = PINS 


MC10H100 
Quad 2-lnput NOR Gate with Strobe 


MC10H100 


EOUT 
4 
mJ 
DOUT 
ECl10KH 
QUAD 
2-INPUT 


EIN 
NOR GATE 
WITH STROBE DIN 
15 


8 
BIN 
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Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 0) ...........................•..•............................................ 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
0 Vdc to VEE 
Output current: 


Continuous 
........................................................................•........................ 
50 mA 
Surge .....................................................................•................................ 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 -5.20 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 


I 
°c 


ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


liE 
Power supply current 
- 
29 
- 
26 
- 
29 
mA 


I Pin 9 
- 
900 
- 
560 
- 
560 
linH 
Input current HIGH 
I All other pins 


J.lA 
- 
500 
- 
310 
- 
310 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
J.lA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


IVOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


1YMBOL 


0° 
25° 
75° 


PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Pin 9 
0.65 
1.6 
0.7 
1.7 
0.7 
1.8 
tpd 
Propagation delay 
ns 


All other pins 
0.4 
1.3 
0.45 
1.35 
0.5 
1.5 


tr 
Rise time (20%-80%) 
0.5 
2.0 
0.5 
2.1 
0.5 
2.2 
ns 


tf 
Fall time (80%-20%) 
0.5 
2.0 
0.5 
2.1 
0.5 
2.2 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal 
equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a 50-0 
resistor to -2.0 V. 


1~.8 


ECL 1OKH High-Speed 
Emitter-Coupled 
Logic Family 


MC10H101 
Quad OR/NOR Gate 


Features/Benefits 


• 
Propagation 
delay, 
1 ns typical 


• 
Power 
dissipation 
25 mW/gate 


• 
Noise 
margin 
150 mV 


• 
Voltage 
compenseted 


• 
ECL 10K-compatlble. 


Description 


The MC10H101 
isa member 
of Monolithic 
Memories' 
ECl family. 


This 
ECl 
10KH 
part 
is a functional/pinout 
duplication 
of the 


standard 
ECl 
10K family 
part, with 100% improvement 
in prop- 


agation 
delay, and no increase 
in power-supply 
current. 


MC10H101 
Quad 
OR/NOR 
Gate 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


MC10H101 
J,N,Nl(20) 
Com 


MC10H101 
Quad 
OR/NOR 
Gate 


Cln 
10 


D. 
13 


COM:~ 12 


TWX: 910-338-2378 
, 
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MonolIthIc l!T!n 
Memor/e. 
UW\U 
14·9 


Absolute Maximum Ratings 


S~PPIYvoltage VEE (Vcc 
= 0) 
-8.0 to 0 Vdc 
I~put voltage VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


I 


Plastic 
-55 
150 


TSTG 
Storage temperature range 
°C 


Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 
IE 
Power supply current 
- 
29 
- 
26 
- 
29 
mA 


1 MC10H101 
- 
425 
- 
265 
- 
265 
linH 
Input current high 
IJA 
'1 MC10H101 (Pin 120nly) 
- 
850 
- 
535 
- 
535 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
r 


MBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation delay 
All others 
0.5 
1.45 
0.5 
1.5 
0.5 
1.6 
ns 


12 Pin 
0.5 
1.6 
0.5 
1.6 
0.5 
1.7 


tp t+ 
Risetime 
0.5 
2.1 
0.5 
2.2 
0.5 
2.3 
ns 


tf. t- 
Fall time 
0.5 
2.1 
0.5 
2.2 
0.5 
2.3 
ns 


Nqte: 
Each Eel 10KH series circuit 
has been designed 
to meet the de specifications 
shown 
in the test table. after thermal 
equilibrium 
has been established. 


Thecircuit 
is in a test socket or mounted 
on a printed 
circuit 
board and transverse 
air flow greater 
than 500 linearfpm 
is maintained. 
Outputs 
are terminated 


through 
a 50 n resistor 
to -2.0 
V. 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 


MC10H103 
Quad 2-lnput OR Gate 


• Propagation delay, 1.0 ns typical 


• Power dissipation 25 mW/gate 


• Noise margin 150 mV 


• Voltage compensated 


• ECl 10K compatible 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H103 
J,N,Nl(20) 
Com 


MC10H103 
Quad 2-lnput OR Gate 
The MC10H103 is a member of Monolithic 
Memories' ECl 
family. This ECl 10KH part is a functional/pinout duplication of 
the standard ECl 10K family part with 100% improvement in 
propagation delay, and no increase in power-supply current. 


A;n1 
4 
::J:>--!- 
5 
Aout 
A;n2 


Bln1 ~ 
Bout 


B1n2 


Cln1 
12 :r:~ 


15 
9 
Caut 
Cln2 


13 
~ 


oln1 


10 
:~Oout 
11 


oln2 


MC10H103 
Quad 2-lnput OR Gate 


TWX: 910-338-2376 
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Absolute Maximum Ratings 
S~PPlyvoltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
0 Vqc to VEE 


Output Current: 


Continuous 
50 mA 
Surge 
100mA 


~peratingConditions 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


Plastic 
-55 
150 
TSTG 
Storage temperature range 
°c 


Ceramic 
-55 
165 


I 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
29 
- 
26 
- 
29 
mA 


linH 
Input current HIGH 
- 
425 
- 
265 
- 
265 
/loA 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
/loA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


I VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


I VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


1Switching Characteristics 
VEE = -5.2 V, +5% (See Note) 
I 
- 


I 
0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation delay 
0.4 
1.3 
0.4 
1.3 
0.4 
1.45 
ns 


tp t+ 
Risetime (20%-80%) 
0.5 
1.7 
0.5 
1.8 
0.5 
1.9 
ns 


tf' t- 
Fall time (80%-20%) 
0.5 
1.7 
0.5 
1.8 
0.5 
1.9 
ns 


Note: 
Each Eel 10KH series circuit 
has been designed to meet the de specifications 
shown in the test table. after thermal equilibrium 
has been established. 
The circuit 
is in a test socket or mounted 
on a printed 
circuit 
board and transverse 
air flow greater 
than 500 linear fpm is maintained. 
Outputs 
are terminated 
through a 50 n resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H102/Quad 
2-lnput NOR Gate 


MC10H105/Triple 
2-3-2 Input OR/NOR Gate 


• Propagation delay, 1 ns typical 


• Power dissipation 25 mW/gate 


• Noise margin 150 mV 


• Voltage compensated 


• ECL 10K compatible. 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H102 
J,N,NL(20) 
Com 


MC10H105 


Logic Diagrams 


MC10H102 


4 
A;01~ 
2- 


A; 
~AoUI 


B026 
3.- 


in1~Bout 


Bl02 
10 
Cl1~4- 
o 
11 
C 
t 
C 
ou 


102 12 
15 _ 
Oin1~Oout 
0102 
000t 


The MC10H102 and MC10H105 are members of Monolithic 
Memories new ECLfamily.These ECL 10KH partsarefunctionall 
pinout duplications of the standard ECL 10K family parts, with 
100% improvement in propagation delay, and no increase in 
power-supply current. 


Pin Configurations 


MC10H102 
Quad 2-lnput NOR Gate 


MC10H105 
Triple 2-3-2 Input ORINOR Gate 


TWX: 910-338-2376 
Monolithic m~n 
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Absolute Maximum Ratings 
Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) ...................................•.............................................. 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge 
' 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
°C 


Plastic 
-55 
150 


TSTG 
Storage temperature range 
°C 


Ceramic 
-55 
165 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
I MC10Hl02 
- 
29 
- 
26 
- 
29 
IE 
Power supply current 
I MC10Hl05 


mA 
- 
23 
- 
21 
- 
23 


linH 
Input current HIGH 
- 
425 
- 
265 
- 
265 
JJ.A 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
JJ.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
YMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


MC10Hl02 
0.4 
1.25 
0.4 
1.25 
0.4 
1.4 
tpd 
Propagation delay 
ns 


MC10Hl05 
0.4 
1.2 
0.4 
1.2 
0.4 
1.3 


MC10H102 
0.5 
1.5 
0.5 
1.6 
0.55 
1.7 
tp t+ 
Rise time 
ns 


MC10H105 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 


MC10H102 
0.5 
1.5 
0.5 
1.6 
0.55 
1.7 


tf. t- 
Fall time 
ns 


MC10H105 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 


Each EeL 
10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linearfpm 
is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 


J 
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ECL 10KH High Speed 
Emitter Coupled Logic Family 
MC10H106 
Triple 4·3·3 
Input NOR Gate 


Featuresl Benefits 


• 
Propagation 
delay, 1 ns typical 


• 
36 mW typical/gate 
(no load) 


• 
Noise margin 
150 mV 


• 
Voltage compensated 


• 
ECl 
10K-eompatlble 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H106 
J, N, Nl 
Com 


Description 


The M10H106 is a member of Monolithic Memories' ECl 10KH 
family. This ECl device is a Triple 4-3-3 Input NOR Gate. This 
device is a functional/pinout 
duplication of the standard ECl 


10K family part, with 100% improvement in propagation delay 
and no increase in power supply current. 


MC10H106 
Triple 4-3-3 Input NOR 
Gate 
VCC1: 
PIN 1 


VCC2: 
PIN 16 


VEE: PIN 8 


TWX: 910-338-2376 
Monolithic ~f!n 
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Absolute Maximum Ratings 


Supply voltage VEE (VCC = 0) ........................•....................................•............. 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
......................................................•......................... 
0 Vdc to VEE 
Output current: 


Continuous 
...........................................................................•..................... 
50 mA 
Surge 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 -5.20 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 
I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 


t 


°c 
Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
23 
- 
21 
- 
23 
mA 


linH 
Input current HIGH 
- 
500 
- 
310 
- 
310 
IJA 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


I VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


IVIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


pd 
Propagation delay 
0.5 
1.3 
0.5 
1.5 
0.55 
1.55 
ns 


~r 
Rise time (20%-80%) 
0.5 
1.7 
0.5 
1.8 
0.55 
1.9 
ns 


~f 
Fall time(80%-20%) 
0.5 
1.7 
0.5 
1.8 
0.55 
1.9 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table. after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm 
is maintained. 
Outputs are terminated 


through a so-n resistor to -2.0 V. 


Monolithic W Memories 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H104/MC10H107 
.Quad 2-lnput AND Gate/Triple 
2-lnput 


Exclusive OR/NOR Gate 


• 
Propagation 
delay, 
1 ns typical 


• 
Power 
dissipation 
35 mW/gate 
typical 


• 
Noise 
margin 
150 mV 


• 
Voltage 
compensated 


• 
ECL 10K-eompatlble 


Description 


The 
MC10H104 
and 
MC10H107 
are 
members 
of 
Monolithic 
Memories' 
new 
ECl 
family. 
These 
ECl 
10KH 
parts 
are func- 
tional/pinout 
duplications 
of the standard 
ECl 
10K family 
parts 
with 100% improvement 
in propagation 
delay, and no increase 
in 
power-supply 
current. 


Pin Configurations 


MC10H104 
Quad 
2-lnput 
AND 
Gate 


MC10H107 
Triple 
2-lnput 
Exclusive 
OR/NOR 
Gate 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


MC10H104 
J,N,Nl(20) 
Com 
MC10H107 


Logic Diagrams 


MC10H104 


4 
A;n1~ 
2 
A 
Aln2~oul 


Bln1~7 
33 
B 
Bln2~out 
10 


Cln1~ 
14 
C 


Cln2~oout 
°101 
:0= 
15 
out 
0ln2 
13 
00ul 


4 
2- 


A1n1 --s""'~ 
~OUI 


Aln2~~~ 
Bln1 -y-"'\~ 
:out 


Bln2~~ 
out 


Cln1 ~~ 
Co;;; 


Cln2~~COul 


VCC1 = PIN 1 


VCC2 = PIN 16 


VEE = PIN 8 


PIN 6 = NC 


VCC1 = PIN 1 


VCC2= 
PIN 16 


VEE = PIN8 


TWX: 910-338-2376 
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Absolute 
Maximum 
Ratings 


fower 
supply 
VEE (Vcc 
= 0) 
-8.0 
V to 0 Vdc 


Input 
voltage 
VI (VCC = 0) 
0 Vdc to VEE 
Output 
current: 


Continuous 
............................•.......................................•......•...................... 
50 mA 
Surge ..............................................•...........•..•...................•..................... 
100 mA 


SYMBOL 
COMMERCIAL 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply 
Voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
·C 


Storage 
temperature 
range 
I 
Plastic 
-55 
150 


TSTG 


I 


·C 


Ceramic 
-55 
165 


~Iectrical Characteristics 
VEE = -5.2 V ± 5% (see Note) 


O· 
25· 
75· 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 


MC10H104 
- 
39 
- 
35 
- 
39 


IE 
Power 
supply 
current 
MC10H107 
- 
31 
- 
28 
- 
31 
mA 


linH 
Input 
current 
HIGH 
- 
425 
- 
265 
- 
265 
JJA 


I 
linL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
JJA 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
0.735 
Vdc 


VOL 
LOW 
output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW 
input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


~witching Characteristics 
vEE = -5.2 V,±5% (see Note) 


O· 
25· 
75· 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Propagation 
delay 
MC10H104 
0.4 
1.6 
0.45 
1.75 
0.45 
1.9 


tpd 
ns 


MC10H107 
0.4 
1.5 
0.4 
1.6 
0.4 
1.7 


I tf't+ 


MC10H104 
0.5 
1.6 
0.5 
1.7 
0.5 
1.8 


Rise time 
ns 


MC10H107 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 


MC10H104 
0.5 
1.6 
0.5 
1.7 
0.5 
1.8 
tf. t- 
Fall time 
ns 


MC10H107 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications shown in the test table. after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow grater than 500 linear fpm is maintained. 
Outputs are terminated through a 50 n resistor to -2.0 V. 
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1 


Monolithic W Memories 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H109 
Dual 4·5 Input OR/NOR Gate 


• Propagation delay, 1 ns typical 


• Power dissipation 35 mW/gate typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl 10K-compatlble 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H109 
J,N,Nl(20) 
Com 


Description 


The MC10H109 is a member of Monolithic Memories' new ECl 
family. These ECl 10KH partsarefunctional/pinout duplications 
of the standard ECl 10Kfamily parts with 100%improvement in 
propagation delay, and no increase in power-supply current. 


Pin Configuration 


MC10H109 
Dual 4·5 Input OR/NOR Gate 


TWX: 910.338.2376 
lIIonolllhlcrrTln 


2175 Minion 
College Blvd. Santa Clara, CA 95054·1592 
Tel: (408) 970·9700 
TWX: 910·338·2374 lIIemor/es 
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Power 
supply 
VEE (VCC 
= 0) ................•................•.....•..................................... 
-8.0 
V to 0 Vdc 
Input voltage 
VI (VCC 
= 0) .............•..•........•..........•..•...•....•............•.................... 
0 Vdc to VEE 
Output 
cu rrent: 


I ~~;~n.~~u~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;~~~~ 


COMMERCIAL 


ISYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply 
Voltage 
-5.46 
-5.2 
-4.94 
V 


I TA 
Operating 
temperature 
range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage 
temperature 
range 


I 
°c 
Ceramic 
-55 
165 


D· 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 
IE 
Power 
supply 
current 
I 
MC10H109 
- 
15 
- 
14 
- 
15 
mA 


linH 
Input 
current 
HIGH 
- 
425 
- 
265 
- 
265 
IJ.A 


linL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJ.A 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
0.735 
Vdc 


VOL 
LOW 
output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW 
input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


~YMBOL 


0° 
25° 
75° 


PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation 
delay 
0.4 
1.3 
0.4 
1.3 
0.45 
1.45 
ns 


tr• t+ 
Rise time 
0.5 
2.0 
0.5 
2.1 
0.5 
2.2 
ns 


tf. t- 
Fall time 
0.5 
2.0 
0.5 
2.1 
0.5 
2.2 
ns 


J 
Note. 
Each Eel 10KH senes CircuIt has been designed to meet the de specifications 
shown 
In the test table, after thermal equIlibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 v. 


Monolithic W Memories 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 


MC10H115 
Quad Line Receiver 


• Propagation delay 1.0 ns typical 


• Power dissipation, 175 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl 10K-compatible 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H115 
J,N,Nl(20) 
Com 


Description 


The MC10H115 is a Quad Differential Amplifier designed for 
use in sensing double-ended 
signals over long lines. This 


ECl 10KH part isafunctional/pinout duplication ofthestandard 
ECl 
10K family part, with 
100"!o 
improvement 
in counting 


frequency and no increase in power-supply current. 


Application 
Information 


The base bias supply (VSS) is made available at pin 9 to make 
the device useful as a Schmitt trigger, or in other applications 
where a stable reference voltage is necesary. Active current 
sources provide the MC10H115 with excellent common mode 
rejection. If any amplifier in a package is not used, one input of 
that amplifier must be connected to VSS (pin 9) to prevent 
upsetting the current source bias network. 


MC10H115 
Quad line Receiver 


AIN~ 
•• 
AOUT 
AIN 
5 


BIN 
7 
"'J> •. 
BIN 
6 
BOUT 


CIN 
10 ":1>" 
14 
cOUT 
CIN 
11 
mJ 
°IN 
13 


DIN 
12 
":1>" 
15 
DOUT 


I 
VBB 
vCC1= PIN1 
vCC2= PIN16 
vEE = PIN8 


2175 Mission College Blvd. Santa Clara, CA 95054·1592 
Tel: (408) 970·9700 
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Ibsolute MaximumRatings 


Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous ............................................•.................................................... 
50 mA 
Surge 
100 mA 


- 
COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 
I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 


I 
°c 
Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
29 
- 
26 
- 
29 
mA 


linH 
Input current HIGH 
- 
150 
- 
95 
- 
95 
p.A 


ICBO 
Input leakage current 
- 
1.5 
- 
1.0 
- 
1.0 
p.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


VBB 
Reference voltage 
-1.42 
-1.28 
-1.35 
-1.23 
-1.295 
-1.15 
Vdc 


~YMBOL 


0° 
25° 
75° 


PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation delay 
0.4 
1.3 
0.4 
1.3 
0.45 
1.45 
ns 


tp t+ 
Rise time 
0.5 
1.4 
0.5 
1.5 
0.5 
1.6 
ns 


tf, t- 
Fall time 
0.5 
1.4 
0.5 
1.5 
0.5 
1.6 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm 
is maintained. 
Outputs areterminated 


through a 50 n resistor to -2.0 V. 


Monollthlo W Memories 


EeL 1OKH High-Speed 
Emitter-Coupled 
Logic Family 
MC10H116 
Triple Line Receiver 


Features/ Benefits 


• Propagation delay 1 ns typical 


• Power dissipation, 85 mW typ/pkg 


• Noise margin 150 mV 


• Voltage compensated 


• ECl 10K-compatlble 


Description 


The MC10H116 is a Triple Line Receiver. This device is a 
member of Monolithic Memories' new ECl family. It isa functio- 
nal/pinout duplication of the standard ECl 10K family part with 
100% improvement in propagation delay and no increase in 
power-supply current. 


MC10H116 


Triple line Receiver 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H116 
J.N.Nl(20) 
Com 


Application Information 


The MC10H116 is designed to be used in sensing differential 
signals over long lines. The bias supply (VBB) is made available 
to make the device useful as a Schmitt trigger, or in other 
applications where a stable reference voltage is necessary. 


Active current sources provide these receivers with excellent 
common-mode noise rejection. If any amplifier in a package is 
not used, one input of that amplifier must be connected to VBB 
to prevent unbalancing the current-source bias network. 


The MC10H116 does not have internal-input pull-down resis- 
tors. This provides high impedance to the amplifier input and 
facilitates differential connections. 


Typical applications: 


• low level receiver 


• Schmitt trigger 


• Voltage level interiace 


VCC1 = PIN 1 


vCC2 
= PIN 16 


VEE = 
PIN 8 


2175 Mission College Blvd. Santa Clara. CA 95054-1592 
Tel: (408) 970-9700 
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~~p~~~:: 
~:~~:~: 
~~.~i.~.~~...................................... ......................... 
-8.0 V to 0 Vdc 


Input voltage VI (VCC = 0) ...........................•.................................................... 
0 Vdc to VEE 
Output Current: 


Continuous ...............................................................•................................. 
50 mA 
I 
Surge ..........................................................•.........•................................ 
100 mA 


Operating Conditions 


COMMERCIAL 


:SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
°C 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 


I 
°C 


Ceramic 
-55 
165 


~Iectrical Characteristics 
VEE = -5.2 V ±SOlo(See Note) 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
23 
- 
21 
- 
23 
mA 


linH 
Input current HIGH 
- 
150 
- 
95 
- 
95 
IJ.A 


ICBO 
Input leakage current 
- 
1.5 
- 
1.0 
- 
1.0 
IJ.A 


VBB 
Reference voltage 
-1.37 
-1.25 
-1.35 
-1.23 
-1.31 
-1.19 
Vdc 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


I VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage (1) 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage (1) 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


VCMR 
Common mode range (3) 
- 
- 
-2.85 
-0.8 
- 
- 
Vdc 


Vpp 
Input sensitivity (4) 
- 
- 
150 typ 
- 
- 
mVPP 


0° 
25° 
75° 


ISYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I tpd 
Propagation delay 
0.4 
1.3 
0.4 
1.3 
0.45 
1.45 
ns 


tp t+ 
Rise time 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 
ns 


tf. t- 
Fall time 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 
ns 


N?tes; 
1. When VSS is used as the reference 
voltage. 


2. Each EeL 10KH series circuit 
has been designed 
to meet the specifications 
shown 
in the test table, after thermal 
equilibrium 
has been established. 


The circuit 
is in a test socket 
or mounted 
on a printed 
circuit 
board and transverse 
air flow greater 
than 500 linear fpm is maintained. 


Outputs 
are terminated 
through 
a SD-n resistor 
to -2.0 V. 


3. 
Differential 
input 
not to exceed 
1.0 Vdc. 


4. Differential 
input required to obtain full logic swing on output. 


1~.24 
Monolithic W Memories 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 


MC10H117 
Dual2-Wide 
2-3 Input 


OR-AND/OR-AND-INVERT 
Gate 


Featuresl 
Benefits 


• 
Propagation 
delay 
1 ns typical 


• 
Power dissipation, 
100 mW/gate 
typical 


• 
Noise margin 
150 mV 


• 
Voltage 
compensated 


• 
ECl10K-compatible 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


MC10H117 
J,N,Nl(20) 
Com 


Description 


The MC1 OH117 is a member 
of Monolithic 
Memories' 
ECl 
10KH 


family. This ECl 
device 
is a Dual 2 wide 2-3 input OR-AND/OR- 
AND-INVERT 
gate designed 
for use in data distribution 
and as a 


data controller 
for digital 
mUltiplexers. 


This general 
purpose 
logic element 
is a functional 
pinout 
dupli- 
cation 
of the standard 
ECl 
10K part, with 100% improvement 
in 


propagation 
delay, and no increase 
in power-supply 
current. 


MC10H117 
Dual 2-Wlde 
2-3 Input 
OR-AND/OR-AND-Invert 
Gate 


BOUT 


"oUT 
BOUT 


B4 


B3 


B1 


3 
"oUT 


2 
"oUT 


VCC1 = Pin 1 


VCC2 = Pin 16 


VEE = Pin 8 


DUAl2-WIDE 


NC 
2-3 INPUT 
NC 16 
OR-AND/OR-AND 


A2 
INVERT 
GATE 
B3 15 


8 
A3 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
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.,.1 
_._-~- 
-1-'-, 
-, 
-O.UVlouvac 
Input voltage (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge 
100 mA 


I 
Operating 
Conditions 


SYMBOL 
PARAMETER 


COMMERCIAL 


MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 -5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
·C 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 


·C 


Ceramic 
-55 
165 


O· 
25· 
75· 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
29 
- 
26 
- 
29 
mA 


Pins 3,4,5,12,13,14 
- 
465 
- 
275 
- 
275 


linH 
Input current HIGH 
Pin 6,7,10,11 
- 
545 
- 
320 
- 
320 
JJA 


Pin 9 
- 
710 
- 
415 
- 
415 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
JJA 


I VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


V,H 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


I V,L 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0 


O· 
25· 
75· 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation delay 
0.45 
1.35 
0.45 
1.35 
0.5 
1.5 
ns 


trot+ 
Rise time 
0.5 
1.50 
0.5 
1.6 
0.5 
1.7 
ns 


tf' t- 
Fall time 
0.5 
1.50 
0.5 
1.6 
0.5 
1.7 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the dc specifications 
shown in the test table. after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 


Monolithic W Memories 


ECL 10KH High-Speed 
Emitter Coupled Logic Family 
MC10H118 
Dual 2-Wide 3-lnput OR-AND Gate 


Features/Benefits 


• Propagation 
delay 
1 ns typical 


• Power 
dissipation, 
100 mW/Gate 
typical 


• 
Noise 
margin 
150 mV 


• Voltage 
compensated 


• ECl10K-compatlble 


Description 


The MC1 OH118 is a member 
of Monol ithic Memories' 
ECL 10KH 


family. 
This ECL device 
is a Dual2-Wide 
3-lnput 
OR-AND 
Gate. 
It is a functional 
pinout 
duplication 
ofthe 
standard 
ECL 10K part 


with 100% improvement 
in propagation 
delay and no increase 
in 


power 
supply 
current. 


MC10H118 
Dual 2-Wlde 
3-lnput 
OR-AND 
Gate 


BS 
4 


DUAL 
2-WIDE 
3-INPUT 


OR-AND 
GATE 


B, 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H118 
J,N,NL(20) 
Com 


MC10H118 
Dual2-Wlde 
3-lnput 
OR-AND 
Gate 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
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Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
........•..•..•...............•..•............... 
. 
0 Vdc to VEE 


Output Current: 


Continuous 
..........•..•.......................•............•.............................................. 
50 mA 


Surge .................................•..•..•...•..................•...................................... 
100 mA 


COMMERCIAL 
UNIT 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
°C 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 


°C 


Ceramic 
-55 
165 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
29 
- 
26 
- 
29 
mA 


Pins 3,4,5,12,13,14 
- 
465 
- 
275 
- 
275 


linH 
Input current HIGH 
Pins 6,7,10,11 
- 
545 
- 
320 
- 
320 
/lA 


Pin 9 
- 
710 
- 
415 
- 
415 


'inL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
/lA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation delay 
0.5 
1.6 
0.5 
1.7 
0.55 
1.85 
ns 


tr, t+ 
Rise time 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 
ns 


tf' t- 
Fall time 
0.5 
1.5 
0.5 
1.6 
0.5 
1.7 
ns 


I 
ate: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table. after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a SO-tl resistor to -2.0 v. 


ECL 10KH High-Speed 
Emitt~r Coupled Logic Family 
MC10!jl119 
4-Wide 4-3-3-3 
Input OR-AND Gate 


Features/ Benefits 


• Propagation delay 1 ns typical 


• Power dissipation, 100 mW/Gate typical 


• Noise marglh 150 mV 


• Voltage c0"1pensated 


• ECl10K-compatlble 


Descript~on 


The MC1OH119isa member of Monolithic Memories' ECl 10KH 
family. This ECl device isa 4-Wide 4-3-3-3 Input OR-AND Gate. 
It isa functional pinout duplication of the standard ECl 10Kpart 
with 100%improvement in propagation delay and no increase in 
power supply furrent. 


MC10H119 
4-Wlde 4-3-3-3 


Input OR-AND Gate 


I PART NUMBER 
PACKAGE 
TEMPERATURE 


I 
MC10H119 
J,N,Nl(20) 
Com 


MC10H119 
4-Wlde 4-3-3·3 
Input OR-AND Gate 


VCC1 = PIN 1 


VCC2 = PIN 16 


VEE = PIN 8 


I 
TWX: 
910-338-2376 


2175 Mission 
€ollege 
Blvd. 
Santa 
Clara. 
CA 95054-1592 
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TWX: 
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Absolute Maximum Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 


Input voltage VI (VCC = 0) 
..............................•................................................. 
0 Vdc to VEE 


Output Current: 


Continuous 
50 mA 
Surge .....................................................•............................................... 
100 mA 


SYMBOL 
PARAMETER 


COMMERCIAL 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 


°c 


Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
29 
- 
26 
- 
29 
mA 


Pins 3.4.5,6,7,9,11, 
- 
500 
- 
295 
- 
295 


linH 
Input current HIGH 
12,13,14,15 
!J.A 


Pin 10 
- 
610 
- 
360 
- 
360 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
!J.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


All others 
0.7 
2.0 
0.75 
2.0 
0.8 
2.15 
tpd 
Propagation delay 
ns 


Pin 10 
0.75 
2.2 
0.75 
2.25 
0.8 
2.35 


tf't+ 
Rise time 
0.7 
2.4 
0.7 
2.3 
0.7 
2.4 
ns 


tf, t- 
Fall time 
0.7 
2.4 
0.7 
2.3 
0.7 
2.4 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table. after thermal equilibrium 
has been established. 


Thecircuit 
is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linearfpm 
is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 


MC10H121 
4-Wide OR-AND/OR-AND-INVERT 
Gate 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


MC10H121 
J, N, Nl 
Com 


Description 


The MC10H1~ 
is a 4-Wide 
OR-AND/OR-AND-INVERT 
Gate. 
This 
device 
is a member 
of Monolithic 
Memories' 
new 
ECl 


family. 
This Ell 
OKH part is a functional/pinout 
duplication 
of 


the standard 
ECl 
10K family 
part with 
100"10 improvement 
in 


propagation 
delay, 
and no increase 
in power-supply 
current. 


MC10H121 
4-Wide 
OR-AND/OR-AND-INVERT 
Gate 


°1 


°2 
°3 


°4 
°s 


°6 


°7 


°8 


°9 


13 


°10 


14 


°11 
15 


VCC1 "PIN 
1 


vCC2" 
PIN 16 


VEE" 
PIN 8 


l 
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Absolute Maximum Ratings 


Supply 
voltage 
VEE (VCC = 0) 
-8.0 V to 0 Vdc 


Input voltage 
VI (VCC = 0) 
............................................•................................... 
0 Vdc to VEE 
Output 
Current: 
Continuous 
..................•.......................................•...................................... 
50 mA 
Surge 
...............................................................•...............•............•........ 
100 mA 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply 
voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
°c 
I 
Plastic 
-55 
+150 
TSTG 
Storage 
temperature 
range 
I 


°c 
Ceramic 
-55 
+165 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power 
supply 
current 
- 
29 
- 
26 
- 
29 
mA 


I' Pins 4 - 7, 9, 11 - 15 
- 
500 
- 
295 
- 
295 


'inH 
Input 
current 
HIGH 
I Pin 10 


p.A 
- 
610 
- 
360 
- 
360 


linL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW 
output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW 
input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


All others 
0.55 
1.95 
0.6 
2.0 
0.7 
2.40 


tpd 
Propagation 
delay 
ns 


Pin 10 
0.45 
1.8 
0.45 
1.8 
0.55 
2.2 


tp t+ 
Rise time 
0.5 
1.7 
0.5 
1.8 
0.5 
1.9 
ns 


tf, t- 
Fall time 
0.5 
1.7 
0.5 
1.8 
0.5 
1.9 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 


ECL 1pKH High-Speed 
Emitt!~-CoupledLogic Family 
MC10H124 
Quad rTL-to-ECL 
Translator 


Features/Benefits 


• 
Propagatlo1 
delay 
1.5 ns typical 


• Power dlSSlrtiOn 
520 mW typical 


• 
Noise margin 
150 mV 


• Voltage 
co~pensated 


• 
ECl 
10K-compatible 


DescriPtLn 


I 


The MC10H1¥ 
is a Quad TTL-to-ECL 
translator. 
This device 
is 


a member 
of 
onolithic 
Memories' 
new ECL family. 
This quad 


translator 
is 
sed 
for 
interfacing 
data 
and 
control 
signals 


between 
a sat~rated 
logic section 
and the ECLsection 
of digital 


systems. 
The 10KH part is a functional/pinout 
duplication 
of the 


standard 
ECLl10K 
family 
part, with 100% improvement 
in prop- 


agation 
delay, 
and no increase 
in power-supply 
current. 


I 
Pin Conf guration 


MC10H124 


Quad 
TTl-to-ECl 
Translator 


t.BOUT 
1 


OUT 


JOUT 
3 


[ 


IAQUT 


AIN 


CO 
MO~' 
S 
OBE 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


MC10H124 
J, N, NL 
Com 


Application Information 


The MC10H124 
has TIL-compatible 
inputs 
and ECL comple- 


mentary 
open-emitter 
outputs 
that 
allow 
use as an inverting/ 


non-inverting 
translator 
or as a differential 
line driver. When the 
common 
strobe 
input 
is at the low logic 
level, it forces 
all true 


outputs 
to an ECL low logic state and all inverting 
outputs 
to an 


ECL high logic 
state. 


An advantage 
of th is device 
is that TTL -level information 
can be 


transmitted 
differentially, 
via balanced 
twisted-pair 
lines, to ECL 


equipment, 
where the signal 
can be received 
by the MC10Hl15 


or 
MC10Hl16 
differential 
line 
receivers. 
The 
power 
supply 


requirements 
are ground, 
+5.0 volts, and -5.2 volts. 


Logic Diagram 


MC10H124 


AIN 
4 
AOUT 


COMMON 
2 
AOUT 


STROBE 


BIN 
BOUT 
BOUT 
IDI 
CIN 
10 
12 
COUT 
15 
COUT 


DIN 
11 
13 
DOUT 
14 


DOUT 


GND = PIN 16 
vcc = PIN 9 
vEE = PIN 8 
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Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 5.0 V) 
", 
", 
.. , .. , .. " 
" .. , .. ,'.............. 
-8.0 V to 0 Vdc 
Supply voltage. VCC (VEE = -5.2 V) " 
, 
" 
, 
, 
', •.... 
' 
, 
0 to +7.0 Vdc 
Input Voltage. VI (VCC = 5.0 V) 
, .. ", 
, .. , 
, .. , .. , 
, .. , ,., 
, 
0 Vdc to VCC 
Output Current: 


Continuous 
""",., 
, 
,.", 
,.,." 
.. , .. ", 
.. , 
, .. , .. , 
'.", 
""", 
.. ,.,.. 
50 mA 
Surge ,." 
, .. ,., .. ".,." 
, 
, 
""".", 
.. "", 
,., .. ,., 
,." 
.......•... 
",., 
.. 
100 mA 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


I 
Plastic 
-55 
+150 
TSTG 
Storage temperature range 
I 


°c 
Ceramic 
-55 
+165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Negative power supply drain current 
- 
72 
- 
66 
- 
72 
mA 


'CCH 
- 
16 
- 
16 
- 
18 
mA 
Positive power supply drain current' 
ICCL 
- 
25 
- 
25 
- 
25 
mA 


Input current HIGH 
Pin 6 
- 
200 
- 
200 
- 
200 
IIH 
(VI = 2.4 V) 
p.A 


Pins 5.7.10.11 
- 
50 
- 
50 
- 
50 


Input current LOW 
Pin 6 
- 
-12.8 
- 
-12.8 
- 
-12.8 
IlL 
(VI = 0.4 V) 
mA 


Pins 5. 7,10.11 
- 
-3.2 
- 
-3.2 
- 
-3.2 


IL 
Input breakdown current (Vin = 5.5 V) 
- 
1.0 
- 
1.0 
- 
1.0 
mA 


VIC 
Input clamp voltage (-10 mA, pins 5,7,10,11) 
- 
-1.5 
- 
-1.5 
- 
-1.5 
Vdc 
(-20 mA. pin 6) 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0,735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1,95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
2.0 
- 
2.0 
- 
2.0 
- 
Vdc 


VIL 
LOW input voltage 
- 
0.8 
- 
0.8 
- 
0.8 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation delay 
0.55 
2.25 
0.55 
2.4 
0.85 
2.95 
ns 


tr• t+ 
Rise time 
0.5 
1.5 
0.5 
1.6 
0,5 
1.70 
ns 


tf. t- 
Fall time 
0.5 
1.5 
0.5 
1.6 
0.5 
1.70 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table. after thermal equilibrium 
has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linearfpm 
is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 


* ICCH - 
Current drain from VCC power supply with all inputs at Logic HIGH 
level 
IGeL 
- 
Current drain from VCC power supply with all inputs at Logic LOW level. 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 


MC10H125 
Quad ECL-to- TTL Translator 


PRELIMINARY 
INFORMATION 


This document 
contains 
spe- 


cifications 
and 
information 


which 
are subject 
to change. 


Features/Benefits 


• Propagation delay, 2.5 ns typical 


• Power Dissipation 520 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl10K-compatible 


Description 


The MC1OH125is a member of Monolithic Memories' ECl fam- 
ily. The MC10 


t 


H125is a quad translator for interfacing data and 
control signal 
between the ECl section and TTl compatible 


section of digi al systems. The 10KH part is a functional/ pinout 
duplication 
of, the standard ECl 
10K family part, with 100% 
improvement in propagation delay, and no increase in power- 
supply current. 


MC10H125 
Quad ECl-to- TTl Translator 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H125 
J,N,Nl(20) 
Com 


Application 
Information 


The MC10H125 incorporates differential inputs and Schottky 
TTl 
"totem pole" outputs. The differential inputs don't have 


input pull-down and allow for use as an inverting/non-inverting 
translator or as a differential line receiver. The VBB reference 
voltage is available from Pin 1 for use in single-ended input 
biasing. The outputs of the MC10H125 go to a low logic level 
whenever the inputs are left floating. 
An advantage of this device isthat ECl-level information can be 
received via balanced twisted pair lines in the TTl equipment. 
This isolates the ECl-logic 
from the noisy TTl 
environment. 


Power supply requirements are ground, +5.0volts and -5.2 volts. 


MC10H125 
Quad ECl-to- TTl 
Translator 


Aln 
":1>h 


4 


Aln 
Aout 


Bin 
":1>h 
Bout 
Bin 


Cln 
10 
"J>h 
12 


Cln 
11 
Caut 


Din 
14 
"';t>h 
13 


Din 
15 
Dout 


I 
VBB 


Gnd = Pin 16 
VCC (+ 5.0 Vdc) = Pin 
9 
VEE (-5.2 Vdc) = Pin 
8 
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Power 
supply 
VEE (VCC 
+ 5.0 V) ....•..................•..•.........•........•..•......................... 
-8.0 V to 0 Vdc 
Power 
Supply 
VCC (VEE = -5.2 V) .............................•....................•...................... 
0 V to +7.0 Vdc 
Input voltage 
VI (VCC = 5.0 V) 
......................•............•.................•........................ 
0 Vdc to VEE 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply 
Voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
°c 


TSTG 
Storage 
temperature 
range 
I 
Plastic 
-55 
150 


I 
°c 


Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Negative 
power 
supply 
drain 
current 
- 
44 
- 
40 
- 
44 
mAdc 


'CCH 
I Outputs 
= H 
- 
63 
- 
63 
- 
63 


Positive 
power 
supply 
drain 
current 
I 
mAdc 
ICCL 
Outputs 
= L 
- 
40 
- 
40 
- 
40 


linH 
Input 
current 
- 
225 
- 
145 
- 
145 
/lAdc 


ICBO 
Input 
leakage 
current 
- 
1.5 
- 
1.0 
- 
1.0 
/lAdc 


VOH 
HIGH 
output 
voltage 
I 
10H = -1 mA 
2.5 
- 
2.5 
- 
2.5 
- 
Vdc 


VOL 
LOW 
output 
voltage 
I 
10L = +20 mA 
- 
0.5 
- 
0.5 
- 
0.5 
Vdc 


VIH 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW 
input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


10S 
Short 
circuit 
current 
60 
150 
60 
150 
60 
150 
mAdc 


VBB 
Reference 
voltage 
-1.37 
-1.25 
-1.35 
-1.23 
-1.31 
-1.19 
Vdc 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation 
delay * 
0.8 
3.3 
0.85 
3.35 
0.9 
3.4 
ns 


tr• t+ 
Rise time 
0.3 
1.2 
0.3 
1.2 
0.3 
1.2 
ns 


tf. t- 
Fall time 
0.3 
1.2 
0.3 
1.2 
0.3 
1.2 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse 
airflow 
greater 
than 500 linearfpm 
is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 
* Drives a 25-pF load. 


I 


I 
. 
ECL 1pKH High-Speed 
Emitter-Coupled 
Logic Family 


Dual Y.tch 
MC10tt130 


• 
Propagation 
delay, 
1 ns typical 


• 
Power 
dissipation, 
155 mW typical 


I 


• 
Noise 
margin 
150 mV 


• Voltage 
compensated 


• 
ECl10K-Cjmpatlble 
Descriptlon 


The MC10H13P 
is a dual latch which 
has two different 
mechan- 


isms to retain data through 
latch control 
signals. 
Each latch can 


be ope~ted 
sfparately 
by holding 
the common 
latch 
control 


signal (C) LOW, then switching 
an individual 
latch control 
signal 


(CE1/CE2) 
frotn 
LOW to HIGH to cause retention 
of data in the 


relevant 
latchJ 
If simultaneous 
operation 
of 
both 
latches 
is 


required, 
CE1 and CE2 are held 
LOW and the common 
latch 


control 
C is s~itched 
from 
LOW to HIGH. 


Foreither 
latC~data 
presen~the 
inputs 
(D1/D2) 
will be seen at 


the outputs 
(Q 
/Q1 and Q2/Q2) 
when both latch control 
signals 


are LOW. This 
ondition 
allows 
data to be setup within 
the latch, 
after which 
ti 
e causing 
a positive 
transition 
to the HIGH 
state 


on either 
or bbth 
latch 
control 
signals 
causes 
data 
retention. 
After 
either 
0\ both 
of these 
signals 
are 
HIGH, 
subsequent 


changes 
in data at an input are ignored 
by the latch, provided 
the 


hold time requirement 
is met. 


An alternative 
means 
to load data 
in the latches 
is to use the 


direct set and rl3set (S1/S2 and R1/R2, respectively) 
lines. These 


inputs do not o~erride the latch controls, 
or ~e 
D inputs. 
Instead, 


set or reset ari 
only 
effective 
when 
either 
C, CE1/CE2 
or both, 
are HIGH. Not~ that this relationship 
is different 
than the case for 


a similar 
part, I the 
MC10H131, 
which 
is a Dual 
Master-Slave 


D-type 
Flip-Flop. 
Functionl Table 


D 
C 
CE1/CE2 
R 
S 
°n=1 


L 
L 
L 
X 
X 
L 


H 
LI 
L 
x 
x 
H 


x 
HI 
x 
L 
L 
Qn 


I 
x 
H 
X 
L 
H 
H 


x 
HI 
x 
H 
L 
L 


x 
HI 
x 
H 
H 
N.D. 


X 
X 
H 
L 
L 
Qn 


X 
X 
H 
L 
H 
H 


X 
X 
H 
H 
L 
L 


X 
X 
H 
H 
H 
N.D. 


X::: Don't Care 
j 


N.D. :::Not Define~ 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H130 
J,N,NL(20) 
Com 


MC10H130 
Dual 
Latch 


MC10H130 
Dual 
Latch 
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Absolute 
Maximum 
Ratings 


Supply 
voltage 
VEE (VCC = 0) 
-8.0 V to OVdc 


Input voltage 
VI (VCC = 0) 
OVdc to VEE 


Output 
Current: 


Continuous 
50 mA 


Surge .............................................•........................•................................ 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply 
voltage 
-5.46 -5.2 
-4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
°c 


I 
Plastic 
-55 
150 
Tstg 
Storage 
temperature 
range 
I 


°c 
Ceramic 
-55 
165 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power 
supply 
current 
- 
38 
- 
35 
- 
38 
mA 


Pins 6,11 
- 
468 
- 
275 
- 
275 


linH 
Input 
current 
HIGH 
Pins 7, 9, 10 
- 
545 
- 
320 
- 
320 
J.LA 


Pins 4,5,12,13 
- 
434 
- 
255 
- 
255 


linL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
J.LA 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW 
input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Data 
0.40 
1.60 
0.40 
1.70 
0.40 
1.80 


tpd 
Propagation 
delay 
Set, Reset 
0.60 
1.70 
0.70 
1.80 
1.80 
1.90 
ns 


Clock, 
CE 
0.50 
1.60 
0.50 
1.70 
1.70 
1.80 


tpt+ 
Rise time (20%-80%) 
0.5 
1.6 
0.5 
1.7 
0.5 
1.8 
ns 


tl,t- 
Fall time (80%-20%) 
0.5 
1.6 
0.5 
1.7 
0.5 
1.8 
ns 


tset 
Setup 
time 
0.5 
1.6 
0.5 
1.7 
0.5 
1.8 
ns 


tho1d 
Hold 
time 
0.5 
1.6 
0.7 
- 
0.7 
- 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 


Monolithic W Memories 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H131 
Dual Master-Slave Type D Flip-Flop 


Features/Benefits 


• 
Propagation 
delay, 
1 ns typical 


• 
Power 
dissipation, 
235 mW typical 


• 
NoIse margin 
of 150 mV 


• 
Voltage 
compensated 


• 
ECL 10K-compatlble 
Description 


The 
MC10H131 
is a member 
of 
Monolithic 
Memories' 
ECL 
family. 
The MC10H131 
is a dual 
master-slave 
D-type 
flip-flop. 


Asynchronous 
Set (S) and Reset (R) override 
Clock 
(Cel 
and 


Clock 
Enablel 
(CE) 
inputs. 
Each 
flip-flop 
may 
be 
clocked 


separately 
by ~olding 
the common 
clock 
in the low state and 


using the enaole 
inputs 
for the clocking 
fuction. 
If the common 


clock 
is to be used to clock 
the flip-flop, 
the Clock 
Enable 
inputs 


must be in the low state. In this case, the enable 
inputs 
perform 


the function 
oj controlling 
the common 
clock. 


The output 
states of the flip-flop 
change 
on the positive 
transition 


of the controlling 
input(s). 
A change 
in the information 
present 


at the data (D~ input 
will not affect 
the data output 
at any other 
time due to master 
slave construction. 


This 
ECL 
10~H 
part 
is a functional/pinout 
duplication 
of the 


standard 
ECL 10K family 
part, with 
100% improvement 
in clock 


speed and propagation 
delay and no increase 
in power.supply 


current. 


Function Tables 


R-S TRUTH 
TABLE 


R 
I 
S 
an + 1 


L 
L 
Qn 


L 
H 
H 


H 
L 
L 


H 
H 
N.D. 


C 
D 
an + 1 


L 
X 
Qn 


HI 
L 
L 


HI 
H 
H 


x = Don't Care. 
e = eE + ee. 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H131 
J,N,NL(20) 
Com 


Logic Diagram 


MC10H131 
Dual 
Master-Slave 
Type 
D Flip-Flop 


5 
51 


01 
7 
2 
01 
Q1 
Q1 


CE1 
6 
01 


R1 
4 


Cc 
9 


R2 
13 


CE2 
11 


10 
15 
D2 
02 
Q2 
Q2 


MC10H131 


Dual 
Master-Slave 
Type 
D Flip-Flop 


Q2 


Q2 
ECL10KH 


R2 
DUAL 


M-S TYPE 


52 
D FF 


02 
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Absolute Maximum Ratings 


Supply 
voltage 
V EE (V CC = 0) 
-8.0 to 0 Vdc 


Input voltage 
VI (VCC = 0) 
0 Vdc to VEE 


Output 
Current: 


Continuous 
...................................................•.............................................. 
50 mA 


Surge 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply 
voltage 
-5.46 
-5.2 -4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage 
temperature 
range 
°c 


I 
Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power 
supply 
current 
- 
62 
- 
56 
- 
62 
mA 


Pins 6,11 
- 
530 
- 
310 
- 
310 


Pin 9 
- 
660 
- 
390 
- 
390 
IJA 
linH 
Input 
current 
HIGH 
Pins 7, 10 
- 
485 
- 
285 
- 
285 


Pins 4. 5,12,13 
- 
790 
- 
465 
- 
465 


linL 
Input current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJA 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 
Clock, 
CE 
0.80 
1.6 
0.8 
1.7 
0.8 
1.8 
tpd 
Propagation 
delay 


I 


ns 


Set. Reset 
0.6 
1.6 
0.7 
1.7 
0.7 
1.8 


tr. t+ 
Rise time (20%-80%) 
0.6 
2.0 
0.6 
2.0 
0.6 
2.2 
ns 


tf. t- 
Fall time (80%-20%) 
0.6 
2.0 
0.6 
2.0 
0.6 
2.2 
ns 


tset 
Setup time 
0.7 
- 
0.7 
- 
0.7 
- 
ns 


(hold 
Hold time 
0.8 
- 
0.8 
- 
0.8 
- 
ns 


ttog 
Toggle 
frequency 
250 
- 
250 
- 
250 
- 
MHz 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test-table, after thermal equilibrium 
has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm 
is maintained. 
Outputs are terminated 


through a 50 n resistor to -2.0 v. 


Switching 
Time Comparison 
ECL10KHve~usECL10K 


CLOCK 


MC1J131_ /:7V 


lpd++ 
'7. .! 
1.5ns 


MC10131 


I I Jk' 
t~;s+ 


I 1)/ 


r 


t 


I, FOR MC10H131: 
1.4 ns 
t, FOR MC10131: 2.0 ns 


MC1OH131, £.7 / 


lpd++ 
1.4 ns 
I / .! 


-,"MC10131 


SET/F ESET ---.../ / r 


t~~s+ 


) )/ 


t 


NOTE: 
Ir and If measured from the 20% to the 80% level of the output signal swing . 


•pd is measured from the 50% level of the input to the 50% level of the output. 


CLOCK~ 
y\ 
7 ~\~ 


MC10131 
\. 
t~;; 
I \ \ 
) 
W 


MC10H131/ 


tpd +- 
l'T 


t 


" 
FOR MC10H131: 
1.2 ns 
" 
FOR MC10131: 
1.4 ns 


y 
I 
:\ 
SETIRESET 
~ 
\ 
/ 
\= 
~ V MC10131 


) 
~\ 


~~s- 


MC1OH131/ 


lpd+- 


,1.4ns, 


I 


If FOR MC10H131: 
1.2 ns 


If FOR MC10131: 
1.5 ns 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 


MC10H136 
Universal Hexadecimal 
Counter 


• 
Counting 
frequency, 
250 MHz min. 


• 
Power dissipation, 715 mW typical 


• 
Noise margin 150 mV 


• 
Voltage compensated 


• 
ECl 
10K-compatlble 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


MC10H136 
J, N, Nl 
Com 


Description 


'he 
MC10H136 
is a high-speed 
synchronous 
hexadecimal 


qounter. 
This device 
is a member 
of Monolithic 
Memories' 
new 


EfCl 10KH family. This 
10KH part is a functional/pinout 
duplica- 


t on of the standard 
ECl 
10K family 
part, with 
100% improve- 


rpent 
in propagation 
delay, 
and 
no increase 
in power-supply 


lurrent. 


Pin Configuration 


MC10H136 
Universal 
Hexadecimal 
Counter 


Application Information 


The MC1 OH136 is a high-speed 
synchronous 
counter 
that oper- 


ates at 250 MHz. Counter 
operating 
modes 
include 
count 
up, 


count 
down, 
preset 
and 
hold 
count. 
This 
device 
allows 
the 


designer 
to use one basic counter 
for many applications. 


The S1' S2 control 
lines determine 
the operating 
modes 
of the 


counter. 
In the preset 
mode, 
a clock 
pulse 
is necessary 
to load 


the counter 
with the information 
present 
on the data inputs 
(DO, 


01, 02 and 03)' 
Carry out goes low on the terminal 
counter 
or 


when the counter 
is being 
preset. 


51 
52 
OPERATING 
MODE 


, 
l 
l 
Preset 
(Program) 


l 
H 
Increment 
(Count 
up) 


H 
l 
Decrement 
(Count 
down) 


H 
H 
Hold 
(Stop 
count) 
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12 
14 
11 
15 
6 
2 
5 


DO 
°0 
01 
°1 
02 
°2 
03 


VCC1 = PIN 1 


VCC2 = PIN 16 


VEE = PIN 8 


4 
CARRY 
OUT 


: 
INPUTS 
OUTPUTS 


I 
CARRY 
CLOCK 
°3 
CARRY 
SELECT 


I 
Sl 
S2 
DO 
°1 
02 
°3 
IN 
V~H 
°0 
°1 
°2 
OUT 
MODE 
I 
I 
L 
L 
L 
L 
H 
H 
X 
~ 
L 
L 
H 
H 
L 
Preset 


, 
L 
H 
X 
X 
X 
X 
L 
--I 
H 
L 
H 
H 
H 
Increment 


I 
L 
H 
X 
X 
X 
X 
L 
~ 
L 
H 
H 
H 
H 
Increment 


I 
L 
H 
X 
X 
X 
X 
L 
~ 
H 
H 
H 
H 
L 
Increment 


I 
L 
H 
X 
X 
X 
X 
H '- 


H 
H 
H 
H 
H 
Increment 


I 
L 
H 
X 
X 
X 
X 
H 
~ 
H 
H 
H 
H 
H 
Increment 


I 
H 
H 
X 
X 
X 
X 
X 
~ 
H 
H 
H 
H 
H 
Hold 
, 


L 
L 
H 
H 
L 
L 
X 
..J 
H 
H 
L 
L 
L 
Preset 


I 
H 
L 
X 
X 
X 
X 
L 
~ 
L 
H 
L 
L 
H 
Decrement 


H 
L 
X 
X 
X 
X 
L 
~ 
H 
L 
L 
L 
H 
Decrement 


H 
L 
X 
X 
X 
X 
L 
-r 
L 
L 
L 
L 
L 
Decrement 


H 
L 
X 
X 
X 
X 
L 
-r 
H 
H 
H 
H 
H 
Decrement 


A 
Don't care. 


W 
Truth table shows logic states assuming that the inputs vary in sequence from top to bottom, as shown. 
The states of the 00-03 
outputs are shown assuming the occurance of a L-to-H edge transition 
(e.g. after clocking). 


Monolithic W Memories 


........,...,....1 
. .., ..... ~.., 
. cc: \. VV 
..,. 
J 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
-o.u 
V lV U VUl,; 


Input voltage VI (VCC = 0 V) 
0 Vdc to VEE 


Output 
Current: 


Continuous 
50 mA 


Surge 
.................•................................................................................... 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply 
voltage 
-5.46 -5.2 -4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 


I 
Plastic 
-55 
+150 
TSTG 
Storage 
temperature 
range 
I 


°c 


Ceramic 
-55 
+165 


I 
0° 
25° 
75° 


I SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power 
supply 
current 
- 
165 
- 
150 
- 
165 
mA 


Pins 5, 6,11,12,13 
- 
430 
- 
275 
- 
275 


I 
Pin 9 
670 
420 
420 
- 
- 
- 


linH 
Input 
current 
HIGH 
I'A 


Pin 7 
- 
535 
- 
335 
- 
335 


Pin 10 
- 
380 
- 
240 
- 
240 


linL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
I'A 


VOH 
HIGH output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


Note: 
Each ECl 
10KH senes CirCUit has been deSigned to meet the dc specifications 
shown In the test table, after thermal equllibnum 
has been established. 


The Circuit is in a test socket or mounted 
on a printed circuit board and transverse airflow greater than 500 linear fpm is maintained. 
Outputs 
are terminated 
through a 50 n resistor to -2.0 V. 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Clock 
to Q 
0.7 
2.3 
0.7 
2.4 
0.7 
2.5 


tpd 
Propagation 
delay 
Clock 
to carry 
out 
1.0 
4.8 
1.0 
4.9 
1.0 
5.0 
ns 


Carry 
in to carry out 
0.7 
2.5 
0.7 
2.6 
0.7 
2.7 


Data (DO to C) 
2.0 
- 
2.0 
- 
2.0 
- 


Select 
(S to C) 
3.5 
- 
3.5 
- 
3.5 
- 
tset 
Setup time 
ns 
Carry 
in (Cin to C) 
2.0 
- 
2.0 
- 
2.0 
- 


Carry 
in (C to Cin) 
0 
- 
0 
- 
0 
- 


Data (C to DO) 
0 
- 
0 
- 
0 
- 


Select 
(C to S) 
-0.5 
- 
-0.5 
- 
-0.5 
- 


thold 
Hold time 
ns 


Carry 
in (C to Cin) 
0 
- 
0 
- 
0 
- 


Carry 
in (Cin to C) 
2.2 
- 
2.2 
- 
2.2 
- 


fcount 
Counting 
frequency 
250 
- 
250 
- 
250 
- 
MHz 


trot+ 
Rise time 
0.5 
2.3 
0.5 
2.4 
0.5 
2.5 
ns 


tf,t- 
Fall time 
0.5 
2.3 
0.5 
2.4 
0.5 
2.5 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table. after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 V. 


Monolithicm MenJorles 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 
MC10H141 
Four-Bit Universal Shift Register 


PRELIMINARY 
INFORMATION 


This document contains spe- 
cifications 
and information 
which are subject to change. 


Features/Benefits 


• Shift frequency, 250 MHz mln 


, 
Power dissipation, 425 mW typical 


• Noise margin 150 mV 


• VOltagecompensated 


• ECl10K-<:ompatible 


Description 


The MC10H141 is a four-bit universal shift register which per- 
forms shift-left, or shift-right, serial/parallel in, and serial/parallel 
out operations with no external gating. Inputs S1and S2control 


(See following page) 


SELECT 
OUTPUTS 
OPERATING 


S1 
S2 
QOn-1 Q1n-1 Q2n-1 Q3n-1 
MODE 


L 
L 
00 
01 
02 
03 
Parallel entry 


L 
H 
Q1n 
Q2n 
Q3n 
OR 
Shift right* 


H 
L 
OL 
QOn 
Q1n 
Q2n 
Shift left* 


H 
L 
QOn 
Q1n 
Q2n 
Q3n 
Stop shift 


MonolIthIc ~~n 
MemorIes 
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PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H141 
J,N,NL(20) 
Com 


MC10H141 
Four-Bit Universal Shift Register 


02 
01 


02 
FOUR BIT 


DL 
UNIVERSAL 
SHIFT 


DO 
REGISTER 


S1 


02 
01 
00 


Portions of this Data Sheet reproduced 
with the courtesy 
of Motorola 
Inc. 
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MC10H141 


Absolute 
Maximum 
Ratings 


Supply voltage, VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage, VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge .................•.•••................................................................................. 
100 mA 


Operating 
Conditions 


MILITARY 
UNIT 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating free-air temperature 
0 
75 
·C 
I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 
·C 
Ceramic 
-55 
165 


O· . 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
112 
- 
102 
- 
112 
mA 


Pins 5, 6, 9,11,12,13 
- 
405 
- 
255 
- 
255 


linH 
Input current HIGH 
Pins 7, 10 
- 
416 
- 
260 
- 
260 
p.A 


Pins 4, 
- 
510 
- 
320 
- 
320 


linl 
Input current lOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
lOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


Vil 
lOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-0.95 
-1.45 
Vdc 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tod 
Propagation delay 
1.1 
2.0 
1.0 
2.0 
1.1 
2.1 
ns 


thold 
Hold time 
1.0 
- 
1.0 
- 
1.0 
- 
ns 


I 
Data 
1.5 
- 
1.5 
- 
1.5 
- 
lset 
Setup time 
I 
ns 


Select 
3.0 
- 
3.0 
- 
3.0 
- 


tp t+ 
Rise time 
0.5 
2.4 
0.5 
2.4 
0.5 
2.4 
ns 


tf. t- 
Fall time 
0.5 
2.4 
0.5 
2.4 
0.5 
2.4 
ns 


fshift 
Shift frequency 
250 
- 
250 
- 
250 
- 
MHz 


NOTE: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. The 


circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 


through a son resistor to -2.0 V. 


type inputs; four for parallelentry data,and one for shifting infrom 
the left (Dll andone for shifting in from the right (DR).This device 
is a functional/pinout 
duplication of the standard ECl 10K part, 


with 100%improvement in propagation delay and operation fre- 
quency and no increase in power supply current. 


the four possibleoperations ofthe registerwithout external gating 
of the clock. The flip-flops shift information on the positive edge 
of the clock. The four operations are stop shift, shift-left, shift- 
right, and parallel entry of data. The other six inputs are all data 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H158 
QUAD 2-lnput Multiplexer 


PRELIMINARY 
INFORMATION 


This document contains spe- 
cifications 
and 
information 


which are subject to change. 


Features/Benefits 


• 
Propagation 
delay, 
1.5 ns typical 


• 
Power dissipation, 
197 mW typical 


• 
Noise margin 
150 mV 


• 
Voltage 
compensated 


• 
ECl 
10K-Compatible 


Description 


The 
MC10H158 
is a member 
of 
Monolithic 
Memories' 
ECl 
Family. 
The MC10H158 
is a quad 2-input 
multiplexer. 
When the 
select 
line 
(SELECT) 
is lOW 
D_1 data appear 
at the outputs 
(03-00). Conversely, 
when 
the select 
input 
is HIGH, 
D_O data 
appear 
at the 
outputs. 
This 
ECl 
part 
is a functional/pinout 
duplication 
of the 
standard 
ECl 
10K family 
part, 
with 
100"/0 
improvement 
in propagation 
delay 
and 
no increase 
in power- 
supply 
current. 


SELECT 
0-0' 
0_1' 
Q 


l 
X 
l 
l 


l 
X 
H 
H 


H 
l 
X 
l 


H 
H 
X 
H 


* 0_0/0_1 
indicate each of four bit positions 
for the "zero" or "one" inputs, 


as controlled 
by the select line. 


X = Don't care. 


Pin Configurations 


MC10H158 
Quad 
2-lnput 
Multiplexer 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


MC10H158 
J,N,Nl(20) 
Com 


MC10H158 
Quad 
2-lnput 
MUltiplexer 


011 


010 


12 
021 


13 
020 


031 
10 


11 
030 


VEE Pin 8 


VCC Pin 16 


TWX: 910-338-2376 
MonolIthIc m'~n 
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Absolute 
Maximum 
Ratings 


Supply voltage. VEE (VCC = 0) 
········ 
-8.0 to OVdc 
Input voltage. VI (VCC = 0) .................................................•............................... 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge .....•................................................................................................. 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply Voltage 
-5.46 
-5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
·C 


I 
Plastic 
-55 
150 
·C 
TSTG 
Storage temperature range 


I 
Ceramic 
-55 
165 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
53 
- 
48 
- 
53 
mA 


Pin 9 
- 
475 
- 
295 
- 
295 
/lA 
linH 
Input current HIGH 


Pins 3-6 and 10-13 
- 
515 
- 
320 
- 
320 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
/lA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Data 
0.5 
1.9 
0.5 
1.9 
0.5 
2.0 
tpd 
Propagation delay 
ns 
Select 
1.0 
2.9 
1.0 
2.9 
1.0 
2.9 


tr. t+ 
Risetime 
0.7 
2.2 
0.7 
2.0 
0.7 
2.2 
ns 


tf. t- 
Fall time 
0.7 
2.2 
0.7 
2.0 
0.7 
2.2 
ns 


NOTES: 
Each EeL 10 KH sBiies circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm 
is maintained. Outputs are terminated 
through a son resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 
MC10H159 
Quad 2-lnput Inverting Multiplexer with Enable 


PRELIMINARY 
INFORMATION 


This document contains spe- 
cifications 
and 
information 
which are sUbject to change. 


Features/Benefits 


• Propagation delay. 1.5 ns typical 


• Power dissipation, 218 mW typical 


• Noise margin 150mY 


• Voltage compensated 


• ECl10K-compatibie 


Description 


The MC10H159 is a member of Monolithic 
Memories' ECl 


family. The MC10H159 is a quad 2-input inverting multiplexer 
with enable. A HIGH level on the enable input (ENABLE) 
overrides the select input (SELECT) and forces all ofthe outputs 
(03-00) 
to the LOW level. A LOW level on the enable input 
allows multiplexer action, which iscontrolled by the select input. 
When the select input is LOW, 0_1 data appear at the outputs. 
Conversely, when the select input is HIGH, 0_0 data appear at 
the outputs. 


ENABLE 
SELECT 
0-0- 
0_1- 
Q 


L 
L 
X 
L 
H 


L 
L 
X 
H 
L 


L 
H 
L 
X 
H 


L 
H 
H 
X 
L 


H 
X 
X 
X 
L 
* 0_0/0_1 
indicate each of 4 bit positions for the "zero" or "one" inputs, 


Pin Configurations 


MC10H159 
Quad 2-lnput Inverting Multiplexer with Enable 


VCC 


02 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H159 
J,N,NL(20) 
Com 


MC10H159 
Quad 2-lnput Inverting MUltiplexer with Enable 


SELECT 


001 


DOO 


3 
011 


010 


ENABLE 


12 
021 


13 
020 


031 
10 


11 
030 
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Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 to 0 Vdc 


Input voltage VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 -5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


Storage temperature 
range : 


Plastic 
-55 
150 
TSTG 
°c 
Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
58 
- 
53 
- 
58 
mA 


Input current HIGH 
: 
Pin 9 
- 
475 
- 
295 
- 
295 
linH 
IJA 


Pins 3-7 and 10-13 
515 
- 
320 
- 
320 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.75 
-1.45 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Data 
0.5 
2.2 
0.5 
2.2 
0.5 
2.2 


tpd 
Propagation delay 
Select 
1.0 
3.2 
1.0 
3.2 
1.0 
3.2 
ns 


Enable 
1.0 
3.2 
1.0 
3.2 
1.0 
3.2 


tr·t+ 
Rise time 
0.5 
2.2 
0.5 
2.2 
0.5 
2.2 
ns 


tt,t- 
Fall time 
0.5 
2.2 
0.5 
2.2 
0.5 
2.2 
ns 


Note: 
Each EeL 
10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H160 
12-Bit Parity Generator-Checker 


Featuresl Benefits 


• Propagation delay, 2.5 ns typical 


• Power dissipation, 320 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl10K-compatible 


Description 


The MC10H160 is a member of Monolithic Memories' new ECl 
family. The MC1OH160isa 12-bit parity generator-checker. The 
output goes high when an odd number of inputs are high provid- 
ing the odd parity function. Unconnected inputs are pulled to a 
logic low allowing parity detection and generation for lessthan 
12bits. The MC10H160 is a functional/pin out duplication of the 
standard ECl 10Kfamily part with 100%improvement in propa- 
gation delay and no increase in power-supply current. 


MC10H160 
12-81t Parity Generator-Checker 


PART NUM8ER 
PACKAGE 
TEMPERATURE 


MC10H160 
J,N,Nl(20) 
Com 


MC10H160 


12-81t Parity Generator-Checker 


VCC1 = Pin 1 
vCC2 
= Pin 16 
VEE 
= Pin 8 


INPUT 
OUTPUT 


SUM OF HIGH lEVEL INPUTS 
PIN2 


Even 
lOW 


Odd 
HIGH 
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Absolute 
Maximum 
Ratings 


Power supply VEE (VCC = 0 V) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0 V) 
.............................................•................................ 
0 Vdc to VEE 


Output Current: 
Continuous 
.................................................•........................•...................... 
50 mA 
Surge 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN TYP MAX 


VEE 
Supply voltage 
-5.46 -5.2 -4.94 
V 


TA 
Operating temperature range 
0 
+75 
·C 


I 
Plastic 
-55 
+150 
TSTG 
Storage temperature range 


I 
·C 


Ceramic 
-55 
+165 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
88 
- 
78 
- 
86 
mA 


I 
Pins 3,5.7,10.12.14 
- 
391 
- 
246 
- 
246 


linH 
Input current HIGH 


I 
Pins 4,6.9,11.13.15 
457 
285 
285 
p.A 
- 
- 
- 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


too 
Propagation delay 
1.1 
3.1 
1.1 
3.3 
1.2 
3.5 
ns 


tp t+ 
Rise time 
0.55 
1.5 
0.55 
1.6 
0.75 
1.7 
ns 


tf. t- 
Fall time 
0.55 
1.5 
0.55 
1.6 
0.75 
1.7 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm 
is maintained. Outputs are terminated 


through a 50 n resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H161 
Binary to 1-0'-8 Decoder 


• Propagation delay, 1 ns typical 


• Power dissipation, 315mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECL 10K-eompatlble 


Description 


The MC10H161 is a high-speed Binary to 1-of-8 Decoder. This 
device is a member of Monolithic Memories' expanding ECL 
10KH family. This ECL device is designed to decode a three-bit 
word to a one-of-eight line output. The selected output will be 
low while all other outputs will be high. The enable inputs, when 
either or both are high. force all outputs high. 


The MC10H161 is a true parallel decoder. No series gating is 
used internally, eliminating unequal delay time found in other 
decoders. The MC10H161 is useful in high-speed multiplexer/ 
demultiplexer applications. 


This ECL 10KH part is a functional/pinout 
duplication of the 
standard ECL 10K part with 100%improvement in propagation 
delay, and no increase in power-supply current. 


MC10H161 
Binary to 1-0'-8 Decoder 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H161 
J,N,NL(20) 
Com 


ENABLE 
INPUTS 
OUTPUTS 
INPUTS 


E1 
Eo 
C 
B 
A 
QO Q1 Q2 
Q3 Q4 
Q5 
Q6 
Q7 


L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 


L 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 


L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
H 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


- 
2 
~15 
E1 


VCC1 = PIN 1 
VCC2 = PIN 16 
VEE = PINS 
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Absolute Maximum Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
·C 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 
·C 
Ceramic 
-55 
165 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
84 
- 
76 
- 
84 
mA 


linH 
Input current HIGH 
- 
465 
- 
275 
- 
275 
p.A 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


O· 
25· 
75· 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Propagation delay : 
Data 
Pins 7, 9,14 
0.6 
2.0 
0.65 
2.1 
0.7 
2.2 


tpd 
ns 
Enable 
Pins 2,15 
0.8 
2.3 
0.8 
2.4 
0.9 
2.5 


tr. t+ 
Risetime 
0.55 
1.7 
0.65 
1.8 
0.7 
1.9 
ns 


tf, t- 
Fall time 
0.55 
1.7 
0.65 
1.8 
0.7 
1.9 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse airflow greater than 500 linearfpm 
is maintained. 
Outputs 
are terminated 
through a 50 n resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter Coupled Logic Family 
MC10H162 
Binary to 1-of-8 Decoder 


Features' Benefits 


• Propagation delay 1 ns typical 


• Power dissipation, 315 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl 10K-compatible 


Description 


The MC10H162 is a high-speed Binary to 1-of-8 Decoder. This 
device is a member of Monolithic Memories' ECl 10KH family. 
This ECl 
device is designed to convert a three-bit word to 


one-of-eight output lines. The selected output will be high while 
all other outputs are low. The enable inputs. when either or both 
are high. force all outputs low. 


The MC10H162 is a true parallel decoder. This eliminates 
unequal parallel path delay times found in other decoder 
designs. This device is ideally suited for high-speed mUltiplexer/ 
demultiplexer applications. 


This ECL 10KH part is a functional/pinout 
duplication of the 


s\andard ECL 10K part with 100%improvement in propagation 
relay and no increase in power-supply current. 


MC10H162 
Binary to 1-0'-8 Decoder (Inverting) 


Ordering Information 


PART NUMBER 
I 
PACKAGE 


MC10H162 
I 
J.N.NL 


INPUTS 
OUTPUTS 


EO 
E1 
C 
B 
A 
00 
01 
02 
03 
04 
05 
06 
07 


L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 


L 
L 
l 
H 
H 
L 
L 
L 
H 
L 
L 
l 
L 


l 
L 
H 
L 
L 
L 
L 
L 
L 
H 
l 
L 
L 


L 
l 
H 
L 
H 
L 
L 
l 
L 
L 
H 
L 
l 


L 
L 
H 
H 
L 
L 
L 
L 
l 
L 
L 
H 
L 


L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
l 


X 
H 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


MC10H162 


Binary to 1-0'-8 Decoder 


- 
2 
~lS 
E1 


VCC1 = PIN 1 
VCC2 = PIN 16 
vEE = PIN 8 
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Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 V to a Vdc 
Input voltage VI (VCC = 0) 
....................•...............•.........•............•.................... 
a Vdc to VEE 
Output Current: 


Continuous 
.........................•..•..•..................•...............•.............•..•..•..•....... 
50 mA 
Surge ....................................•..•.........•..•..•......................•...................... 
100 mA 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
a 
75 
·C 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 
·C 


Ceramic 
-55 
165 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
84 
- 
76 
- 
84 
mA 


linH 
Input current HIGH 
- 
465 
- 
275 
- 
275 
IJ.A 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJ.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


O· 
25· 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 
Data 
0.7 
2.0 
0.7 
2.1 
0.8 
2.5 
tpd 
Propagation delay 
I 
ns 


Enable 
0.8 
2.3 
0.8 
2.4 
0.9 
2.6 


tp t+ 
Risetime 
0.6 
1.8 
0.6 
1.9 
0.6 
2.0 
ns 


tf' t- 
Fall time 
0.6 
1.8 
0.6 
1.9 
0.6 
2.0 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 


Monolithic W Memories 


Monollthlo WMemorles 


ECL 10KH High-Speed 
Emitter-Coupled Logic Family 
MC10H164 
a-Line Multiplexer 


Features/ Benefits 


• Propagation delay, 1 ns typical 


• Power dissipation, 310 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl 10K-compatible 
Description 


The MC10H164 is a member of Monolithic 
Memories' ECl 
family. This ECL 10KH part is a functional/pinout duplication of 
the standard ECL 10K part, with 100% improvement in propa- 
gation delay, and no increase in power supply current. 


MC10Hl64 
S-line Multiplexer 


ADDRESS INPUTS 


ENABLE 
C 
B 
A 
Z 


L 
L 
L 
L 
XO 


L 
L 
L 
H 
X1 


L 
L 
H 
L 
X2 


L 
L 
H 
H 
X3 


L 
H 
L 
L 
X4 


L 
H 
L 
H 
X5 


L 
H 
H 
L 
X6 


L 
H 
H 
H 
X7 


H 
X 
X 
X 
L 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H164 
J,N,NL(20) 
Com 


The MC10H164 is designed to be used in data multiplexing and 
parallel-to-serial conversion applications. Full parallel gating 
provides equal delays through any data path. The MC10H164 
incorporates an output buffer, eight inputs and an enable. A high 
on the enable forces the output low. The open emitter output 
allows the MC10H164 to be connected directly to a data bus. 
The enable line allows an easy means of expanding to more than 
eight lines using additional MC10H164s. 


MC10Hl64 
S-line Multiplexer 


C 


ENABLE 
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Supply 
voltage 
VEE (VCC= 0) .....................................................................•...... 
-8.0 V to 0 Vdc 
Input Voltage 
V I (VCC = 0) 
.. . .. . .. . .. . . . .. . . . . .. .. . .. . . . .. . .. . . . .. . . .. . . .. . . .. . • . .. . . .. 
0 Vdc to V EE 


Output 
current: 
Continuous. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . .. 
50 mA 
Surge 
.....................................................................................•................ 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply 
voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating 
free-air 
temperature 
0 
75 
°c 


I 
Plastic 
-55 
150 


TSTG 
Storage 
temperature 
range 


I 


°c 
Ceramic 
-55 
165 


I 
Electrical 
Characteristics 
vEE = -5.2 V ±5% 
(See Note) 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply 
current 
- 
83 
- 
75 
- 
83 
mA 


linH 
Input 
current 
HIGH 
- 
512 
- 
320 
- 
320 
JlA 


'inL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
JlA 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-0.735 
-1.60 
Vdc 


VIH 
HIGH 
input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


XO-X7 
1.0 
2.8 
0.7 
2.7 
0.7 
2.9 


A.B.C. 
1.0 
3.8 
0.7 
3.6 
0.7 
3.9 


tpd 
Propagation 
delay 
Data 
0.7 
2.4 
0.8 
2.5 
0.9 
2.6 
ns 


Address 
1.0 
2.8 
1.1 
2.9 
1.2 
3.2 


Enable 
0.4 
1.45 
0.4 
1.5 
0.5 
1.7 


tpt+ 
Rise time 
0.6 
1.8 
0.6 
1.9 
0.6 
2.0 
ns 


tf,t- 
Fall time 
0.6 
1.8 
0.6 
1.9 
0.6 
2.0 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table. after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 


through a 50 n resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter Coupled Logic Family 
MC10H166 
5-Bit Magnitude Comparator 


Features/Benefits 


• Propagation delay, Data-to-Output, 2.0 ns typical 


• Power dissipation, 440 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl10K-compatible 


The MC10H166 isa member of Monolithic Memories' ECL 10KH 
family. This device is a 5-Bit Magnitude Comparator and is a 
functional/pinout 
duplication of the standard ECL 10Kpart with 


100% improvement in propagation and no increase in power- 
supply current. 


The MC1OH166isa high-speed expandable 5-bit comparator for 
comparing the magnitude of two binary words. Two outputs are 
provided: A < B and A > B.The A = Bfunction can be obtained by 
wire-ORing these outputs (a low level indicates A = B) or by 
wire-NORing the outputs (a high level indicates A = B). A high 
level on the enable function forces both outputs low. 


PART NUMBER 
PACKAGE 
TEMPERATURE I 


MC10H166 
J,N,NL 
Com 
I 


INPUTS 
OUTPUTS 


E 
A 
I 
B 
A<B 
A>B 


H 
X 
I 
X 
L 
L 


L 
Word A = Word B 
L 
L 


L 
Word A > Word B 
L 
H 


L 
Word A < Word B 
H 
L 


MC10H166 
5-Bit Magnitude Comparator 


A>8 
E 


82 


A2 


A3 
A1 
81 


84 


Ao 
VCC1 = PIN 1 


80 
vCC2 
= PIN 16 


E 


VEE = PIN 8 
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Absolute Maximum Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 


Surge 
, 
100 mA 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 


°c 
Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
117 
- 
106 
- 
117 
mA 


linH 
Input current HIGH 
- 
350 
- 
220 
- 
220 
p.A 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


I 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 
Data-ta-Output 
1.1 
3.5 
1.1 
3.7 
1.2 
4.1 
tpd 
Propagation delay 
I 
ns 
Enable-ta-Output 
0.6 
1.7 
0.7 
1.7 
0.7 
1.8 


tr• t+ 
Rise time 
0.6 
1.5 
0.6 
1.6 
0.6 
1.7 
ns 


tf. t- 
Fall time 
0.6 
1.5 
0.6 
1.6 
0.6 
1.7 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal 
equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a so-n resistor to -2.0 v. 


824 
84 
A24 
~ 
823 
83 


A23 
AJ 


822 
82 
A<8 


A22 
A2 
821 
81 
A>8 


A21 
A1 


820 
80 
A20 
Ao 


819 
84 
A19 
~ 
81S 
83 
A18 
A3 
817 
82 
A<8 


A17 
A2 
816 
81 
A>8 


A16 
A1 
815 
80 
A15 
Ao 


814 
84 
A14 
~ 
813 
83 
A13 
A3 


812 
82 
A<8 


A12 
~ 
A>8 


811 
81 


All 
Al 


810 
80 
A10 
Ao 


89 
84 
As 
~ 
8S 
83 


AS 
A3 


87 
82 
A<8 


A7 
A2 


86 
81 
A>8 


As 
A1 


85 
80 
As 
Ao 


84 
84 
~ 
A4 


83 
83 


A3 
A3 
A<8 
82 
82 
~ 
A2 
A>8 
81 
81 


Al 
Al 


80 
80 
Ao 
Ao 


MC10Hl66 


A>B 
A< B 


A>8 
A<8 
A= 8 


FOR 9-81T WORD 


Figure 1. 9-BIt Magnitude 
Comparator 


For longer word lengths. the MC1 OH166 can be serially expanded 
or cascaded. 
Figure 1 shows two devices 
in a serial expansion 
for 


a 9-bit word 
length. 
The A>B and A<B outputs 
are fed to the AD 


and BO inputs 
respectively 
olthe 
next device. The connection 
for 


an A = B output 
is also shown. 
The worst case delay time of serial 


expansion 
is equal to the number 
of comparators 
times the data- 


to-output 
delay. 


For shorter 
delay 
times 
than 
possible 
with 
serial 
expansion. 


devices 
can 
be cascaded. 
Figure 
2 shows 
a 25-bit 
cascaded 
comparator 
whose 
worst 
case 
delay 
is two 
data-to-output 


delays. 
The cascaded 
scheme 
can be extended 
to longer 
word 


lengths. 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 
MC10H173 
QUAD 2-lnput Multiplexer With Latch 


PRELIMINARY 
INFORMATION 


This document contains spe- 
cifications 
and information 
which are subject to change. 


Features/ Benefits 


• Propagation delay, 1.5 natyplcal 


• Power dissipation, 275 mW typical 


• Noise margin 150 mV 


• VOltagecompensated 


• ECl 1OK-compatlble 
Description 


The MC1OH173is a quad 2-input mUltiplexer with latch. This 
device is a functional/pinout 
duplication of the standard ECL 


10K part, with 1000A!improvement in propagation delay and 
10 increase in power-supply current. 


It incorporates common clock and common data select inputs. 
The select input determines which data input isenabled. A high 
(til level enables data inputs 000, 010,020, and 030and a low 
(Ll level enables data inputs 001, 011, 021, 031.Anychange 
on the data input will be reflected at the outputs while the clock 
is low. The outputs are latched on the positive transition of the 
clock. While the clock is in the high state, a change in the infor- 
mation present at the data inputs will not affect the data outputs. 


SELECT 
CLOCK 
Qn = 1 


H 
L 
000 


L 
L 
001 


X 
H 
aOn 


MC10H173 
Quad 2-lnput Multiplexer with Latch 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H173 
J,N,NL(20) 
Com 


MC10H173 


Quad 2-lnput Multiplexer with Latch 


000 


001 


010 


011 


13 
020 


12 
021 


11 
030 


10 
031 


CLOCK 
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Absolute Maximum Ratings 
Supply voltage, VEE (VCC = 0).................................................. 
-8.0 to 0 Vdc 
Input voltage, VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
.......................................................................•.......................... 
50 mA 
Surge ....................•.................................................................................. 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 -5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 


°c 


Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
73 
- 
66 
- 
73 
mA 
I Pins 3-7 and 10-13 
- 
510 
- 
320 
- 
320 
IJ.A 
linH 
Input current HIGH 
I Pin 9 
- 
475 
- 
300 
- 
300 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJ.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Data 
0.7 
2.3 
0.7 
2.3 
0.7 
2.3 


tpd 
Propagation delay 
Clock 
1.0 
3.7 
1.0 
3.7 
1.0 
3.7 
ns 


Select 
1.0 
3.6 
1.0 
3.6 
1.0 
3.6 


tset 
Setup time 
Data 
0.7 
- 
0.7 
- 
0.7 
- 
ns 


Select 
1.0 
- 
1.0 
- 
1.0 
- 


thold 
Hold time 
Data 
0.7 
- 
0.7 
- 
0.7 
- 
ns 
Select 
1.0 
- 
1.0 
- 
1.0 
- 


tr, t+ 
Rise time 
0.7 
2.4 
0.7 
2.4 
0.7 
2.4 
ns 


tf, t- 
Fall time 
0.7 
2.4 
0.7 
2.4 
0.7 
2.4 
ns 


NOTE: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 tinear fpm is maintained. 
Outputs are terminated 
through a son resistor to -2.0 V. 


ECL 10KH High-Speed 
Emitter-Coupled 
Logic Family 
~C10H174 
DuaI4-to-1 
Multiplexer 


Features' Benefits 


• 
Propagation 
delay 
1.5 ns typical 


• 
Power 
dissipation, 
305 mW typical 


• 
Noise 
margin 
150 mV 


• 
Voltage 
compensated 


• ECl 10K-compatible 


Description 


1he 
MC10H174 
is a Dual 4-to-1 
Multiplexer. 
This 
device 
is a 
i 


emberof Monolithic 
Memories' 
new ECL family. 
This device is 
functional/pinout 
duplication 
of the standard 
ECL 10K part 
ith 100% improvement 
in propagation 
delay, and no increase 
in 
ower-supply 
current. 


Pin Configuration 


MC10H174 
DuaI4-to-1 
Multiplexer 


i 
PART 
NUMBER 
PACKAGE 
TEMPERATURE 


: 
MC10H174 
J,N,NL(20) 
Com 


ENABLE 
ADDRESS 
INPUTS 
OUTPUTS 


E 
B 
A 
Z 
W 


H 
X 
X 
L 
L 


L 
L 
L 
Xo 
YO 


L 
L 
H 
X1 
Y1 


L 
H 
L 
X2 
Y2 


L 
H 
H 
X3 
Y3 
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Memories 
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Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC 
= 0) 
..................................•..•.....................•.............. 
-8.0 V to 0 Vdc 
Input voltage V, (VCC 
= 0) 
......................................•..•...................................... 
0 Vdc to VEE 


Output 
Current: 


Continuous 
..............................•.................................................................. 
50 mA 
Surge 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply 
voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
°C 


I 
Plastic 
-55 
150 
TSTG 
Storage 
temperature 
range 


I 


°C 
Ceramic 
-55 
165 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX\) 
MIN 
MAX 


IE 
Power 
supply 
current 
- 
80 
- 
73 
- 
80 
mA 


I Pins 3 - 7 and 9 - 13 
- 
475 
- 
300 
- 
300 
linH 
Input 
current 
HIGH 
I Pin 14 
IlA 
- 
670 
- 
420 
- 
420 


linL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IlA 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


V,H 
HIGH 
input 
voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


V,L 
LOW input 
voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Data 
(All others) 
0.7 
2.4 
0.8 
2.3 
0.9 
2.6 


tpd 
Propagation 
delay 
Select 
(A, B) 
Pin 7, 9 
1.0 
2.8 
1.1 
2.9 
1.2 
3.2 
ns 


Enable 
Pin 14 
0.4 
1.45 
0.4 
1.50 
0.5 
1.70 


tp t+ 
Rise time 
0.5 
1.5 
0.5 
1.6 
0.5 
1.70 
ns 


tf' t- 
Fall time 
0.5 
1.5 
0.5 
1.6 
0.5 
1.70 
ns 


Note: 
Each ECl10KH 
series circuit 
has been designed 
to meet the de specifications 
shown in the test table. after thermal 
equilibrium 
has been established. 


The circuit 
is in a test socket or mounted 
on a printed 
circuit 
board and transverse 
airflow 
greater 
than 500 linearfpm 
flmaintained. 
Outputsareterminatect 


through a son resistor to -2.0 V. 


MC10H175 
Quint Latch 


• Propagation delay, 1.2 ns typical 


• Power dissipation, 400 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECL 10K-eompallble 


Description 


The MC10H175 is a member of Monolithic 
Memories' ECl 


family. The MC10H175 is a quint D-type latch with common 
reset and clock lines. This ECl 10KH part is a functional/pinout 
duplication of the standard ECl 10K part, with 100"!o improve- 
ment in propagation delay, and no increase in power-supply 
current. 


I 
Pin Configuration 


MC10H175 
Quint Latch 


°1 


°0 


02 


Q4 


01 
QUINT 
NC 
LATCH 


04 


DO 
8 


0 
Co 
C1 
RESET 
Qn + 1 


l 
l 
l 
X 
l 


H 
l 
l 
X 
H 


X 
H 
X 
l 
an 


X 
X 
H 
l 
an 


X 
H 
X 
H 
l 


X 
X 
H 
H 
l 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H175 
J,N,Nl(20) 
Com 


Application 
Information 


The MC10H175 is a high-speed, 
low-power 
quint 
latch. It 


features five D-type latches with common reset and a common 
two-input clock. Data is transferred on the negative edge of the 
clock and latched on the positive edge. The two clock inputs are 
ORed together. 


Any change on the data input will be reflected at the outputs 
while the clock is low. The outputs are latched on the positive 
transition of the clock. While the clock is in the high state, a 
change in the information present at the data inputs will not 
affect the output information. The reset input is enabled only 
when the clock is in the high state. 


MC10H175 
Quint Latch 


04 
°4 


Co 
6 
C; 
7 


RESET 
11 


VCC1 = Pin 1 
VCC2 = Pin 16 


\lEE = Pin 8 
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Absolute 
Maximum 
Ratings 


Supply 
Voltage 
VEE (VCC = 0) 
.................................................................•........ 
-8.0 V to 0 Vdc 
Input 
Voltage 
VI (VCC = 0) 
0 Vdc to VEE 
Output 
Current: 


Continuous 
..............................................•.................................................. 
50 mA 
Surge 
...................................................•..•....................•......................... 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 


MIN 
TYP 
MAX 


VEE 
Supply 
voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating 
temperature 
range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage 
temperature 
range 


I 


°c 


Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
CHARACTERISTIC 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power 
supply 
current 
- 
107 
- 
97 
- 
107 
mA 


Input current 
HIGH 
: 


Pins 5,6,7,9,10,12,13 
- 
565 
- 
335 
- 
335 
linH 
j.LA 


Pin 11 
- 
1120 
- 
660 
- 
660 


linL 
Input 
current 
LOW 
0.5 
- 
0.5 
- 
0.3 
- 
j.LA 


VOH 
HIGH 
output 
voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output 
voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH 
input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW 
input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Data 
0.6 
1.6 
0.6 
1.6 
0.6 
1.7 


tpo 
Propagation 
delay 
Clock 
0.7 
1.9 
0.7 
2.0 
0.8 
2.1 
ns 


Reset 
1.0 
2.2 
1.0 
2.3 
1.0 
2.4 


tset 
Setup 
time 
1.5 
- 
1.5 
- 
1.5 
- 
ns 


thold 
Hold 
time 
0.8 
- 
0.8 
- 
0.8 
- 
ns 


tp t+ 
Rise time 
0.5 
1.8 
0.5 
1.9 
0.5 
2.0 
ns 


tf' t- 
Fall time 
0.5 
1.8 
0.5 
1.9 
0.5 
2.0 
ns 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specificatIons 
shown In the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50 n resistor to -2.0 v. 


Monolithic miD Memories 


ECL 10KH High-Speed 
~mitter Coupled Logic Family 
MC10H176 
Hex D Master-Slave 
Flip-Flop 


Features/Benefits 


• Propagation delay 1.7 ns typical 


• Power dissipation, 460 mW typical 


• Noise margin 150 mV 


• Voltage compensated 


• ECl10K-compatible 


Description 


The MC10H176 isa member of Monolithic Memories' ECl 10KH 
~amilY.This ECl device includes six high speed master-slave 
~-type flip-flops with one common input clock for all six. Data 
,nters into the master during the lOW state of the clock and is 
transferred to the slaveduring the positive-going clock transition. 
Thus, outputs may change only on a positive-going 
Clock 


(ransition. A change in information present at the data (D) input 
'rill not affect the output information any other time due to the 
master-slave construction of this device. 


This ECl 10KH part is a functional/pinout 
duplication of the 


standard ECl 
10K part, with 
100% improvement 
in clock 


fr::;;~I~n~~rr~~~.propagation delay and no increase in power- 


fin Configurations 


MC10H176 
Hex 0 Master-Slave Flip-Flop 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H176 
J,N,Nl(20) 
Com 


C 
0 
On+1 


l 
X 
an 


H* 
l 
l 


H* 
H 
H 


MC20H176 
Hex 0 Master-Slave Flip-Flop 


VCC1= PIN1 
VCC2= PIN16 


VEE= PIN8 


I 
TWX: 910-338-2376 
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Tel: (408) 970-9700 
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Monolithic mT!n 
Memories 
U1JlW 


Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
.........•...................................................................... 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge ......................................................................•.............................. 
100 mA 


COMMERCIAL 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 -4.94 
V 


TA 
Operating temperature range 
0 
75 
°c 


I 
Plastic 
-55 
150 
TSTG 
Storage temperature range 
I 
°c 
Ceramic 
-55 
165 


0° 
25° 
75° 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
123 
- 
112 
- 
123 
mA 
I Pins 5,6,7,10,11,12 
- 
425 
- 
265 
- 
265 
linH 
Input current HIGH 
I Pin 9 
670 
/loA 
- 
- 
420 
- 
420 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
/loA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


too 
Propagation delay 
0.9 
2.1 
0.9 
2.2 
1.0 
2.4 
ns 


lset 
Setup time 
1.5 
- 
1.5 
- 
1.5 
- 
ns 


thold 
Hold time 
0.9 
- 
0.9 
- 
0.9 
- 
ns 


tp t+ 
Rise time 
0.5 
1.8 
0.5 
1.9 
0.5 
2.0 
ns 


tf' t- 
Fall time 
0.5 
1.8 
0.5 
1.9 
0.5 
2.0 
ns 


ftog 
Toggle frequency 
250 
- 
250 
- 
250 
- 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 


Look-Ahead Carry Block 


• 
Propagation 
delay, 1 ns typical 


• 
Power dissipation, 
300 mW typical 


• 
Noise margin 
150 mV 


• 
Voltage 
compensated 


• 
ECl 
10K-compatlble 


Description 


The MC10H179 is a look-Ahead 
Carry Block. This device is a 


member of Monolithic Memories' ECl 10KH family. 


This ECl 10KH part is a functional/pinout 
duplication of the 


standard ECl 10K part with 100%improvement in propagation 
delay, and no increase in power-supply current. 


Pin Configuration 


MC10H179 
look-Ahead 
Carry Block 


I PART 
NUMBER 
PACKAGE 
TEMPERATURE 


I 
MC10H179 
J,N,Nl(20) 
Com 


MC10H179 


look-Ahead 
Carry Block 


PG = PO + Pl + P2 + P3 
GG 
= (GO + Pl + P2 + P3) (Gl + P2 + P3)(G2 
+ PJ) G3 
cn+2 = (Cn + PO + Pl) (GO + Pl) Gl 
cn+4 = (Cn + PO + Pl + P2 + P3)(GO 
+ Pl + P2 + P3)(Gl 
+ P2 + P3) 


(G2 + P3) G3 


Application 


The MC10H179 is a high-speed, low-power, standard ECl 
complex function that is designed to perform the look-ahead 
carry function. Thisdevice can be used with the MC1OH1814-bit 
AlU directly, orwith the MC10H180 dual arithmetic unit in any 
computer, instrumentation or digital communication application 
requiring high-speed arithmetic operation on long words. 


When used with the MC10H181, the MC10H179 performs a 
second order or higher look-ahead. Figure 2 shows a 16-bit 
look-ahead carry arithmetic unit. Second order carry isvaluable 
for longer binary words. As an example, addition of two 32-bit 
words is improved from 30 nanoseconds with ripple-carry 
techniques. A block diagram of a32-bit AlU isshown in Figure 1. 
The MC10H179 may also be used in many other applications. It 
can, for example, reduce system package count when used to 
generate functions of several variables. 
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FO 
FO 
Ao 


BO 
Fl 
Fl 
MC10H1Sl 
Al 
F2 
F2 
4·BIT 
Bl 
ARITHMETIC 
F3 
F3 
LOGIC UNIT 
A2 


P 
B2 


G 
A3 


B3 


F4 
~ 


FS 
B4 


Cn 
MC10H18l 
As 


Po 
F6 
F2 
4·BIT 
BS 
P 
ARITHMETIC 
GO 
F7 
F3 
LOGIC UNIT 
As 


G MC10H17g 
Pl 
P 
B6 
A7 
LO;::~~DGl 
G 
~ 
P2 


Cn+4 
G2 


P3 
Cn+2 
G3 


FS 
AS 


Fg 
BS 
IrJ 


MC10H1Sl 
Ag 


Fl0 
4·BIT 
Bg 


Fll 
ARITHMETIC 
Al0 
LOGIC UNIT 
Bl0 


All 
G 
Bll 


Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 0) 
-8.0 V to 0 Vdc 


Input voltage VI (VCC = 0) 
0 Vdc to VEE 
Output Current: 


Continuous 
50 mA 
Surge 
100 mA 


SYMBOL 
COMMERCIAL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating temperature range 
0 
75 
·C 


I 
Plastic 
-55 
150 


TSTG 
Storage temperature range 
I 


·C 


Ceramic 
-55 
165 


O· 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
79 
- 
72 
- 
79 
mA 


Pins 5 and 9 
- 
465 
- 
275 
- 
275 


Pins 4. 7 and 11 
- 
545 
- 
320 
- 
320 


linH 
Input current HIGH 
Pin 14 
- 
705 
- 
415 
- 
415 
IJA 


Pin 12 
- 
790 
- 
465 
- 
465 


Pins 10 and 13 
- 
870 
- 
510 
- 
510 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
IJA 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


0° 
25° 
75° 
~YMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I PtoPG 
0.40 
1.40 
0.40 
1.50 
0.50 
1.70 


tpd 
Propagation delay 
I G, P, Cn to Cn or GG 


ns 


0.60 
2.30 
0.70 
2.40 
0.80 
2.60 


trot+ 
Risetime 
0.5 
1.7 
0.5 
1.8 
0.5 
1.9 
ns 


tf' t- 
Fall time 
0.5 
1.7 
0.5 
1.8 
0.5 
1.9 
ns 


Note: 
Each Eel 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linearfpm 
is maintained. Outputs are terminated 


through a 50 n resistor to -2.0 V. 


Monolithic mMemories 


ECL 10KH High Speed 
Emitter Coupled Logic Family 
MC10H209 
Dual 4·5 Input OR/NOR Gate 


Features/Benefits 


• Propagation delay, 0.75 ns typical 


• 125 mW typical (no load) 


• Noise margin 150 mV 


• Voltage compensated 


• ECl10K-compatlble 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H209 
J,N,Nl 
Com 


Description 


The MC10H209 is a member of the Monolithic Memories' ECl 
10KH Family. This ECldevice 
is a dual 4-5 input ORINOR gate. 
This device is a functional/pinout 
duplication of the standard 


ECl 10K family part, with 100% improvement in propagation 
delay and no increase in power supply current. 


MC10H209 
Dual 4-5 Input ORIN OR Gate 
A·tfci 


A,n 
5 
3 
_ 
AI" 6 
2 
Aout 
In 7 
Aout 
Aln 


B 
9 
In 10 
Bin 
14_ 
B 
11 
15 Bout 


Bin 12 
Bout 


In 13 


Bin 


VCC1 = Pin 1 
VCC2 = Pin 16 
VEE 
= Pin 8 


MC10H209 
Dual 4-5 Input ORINOR Gate 


MC10H209 


VCC2 


Bout 
II] 
Bout 
ECl10KH 


Bin 
DUAL 
4-5 INPUT 


Bin 
ORINOR 
GATE 


Bin 
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Absolute 
Maximum 
Ratings 


Supply voltage VEE (VCC = 0) ...................•.....•.............•............•................•..•.. 
-8.0 V to 0 Vdc 
Input voltage VI (VCC = 0) 
..........................................................•..................... 
0 Vdc to VEE 
Output current: 


Continuous 
50 mA 
Surge ...........................................................••..•.............................•........ 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 -5.20 -4.94 
V 


TA 
Operating temperature range 
0 
75 
·C 


I 
Plastic 
-55 
150 


TSTG 
Storage temperature range 
I 


·C 


II 
Ceramic 
-55 
165 


O· 
25· 
75· 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
- 
- 
30 
- 
- 
mA 


linH 
Input current HIGH 
- 
640 
- 
400 
- 
400 
p.A 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


VOH 
HIGH output voltage 
-1.02 
-0.64 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


O· 
25· 
75· 
SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


tpd 
Propagation delay 
0.4 
1.15 
0.4 
1.15 
0.7 
1.15 
ns 


tr 
Rise time 
0.4 
1.5 
0.4 
1.5 
0.4 
1.6 
ns 


tf 
Fall time 
0.4 
1.5 
0.4 
1.5 
0.4 
1.6 
ns 


Note:Each 
EeL 10KH series circuit has been designed to meet the de specifications shown in the test table. after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a so-n resistor to -2.0 V. 


Monolithic mMemories 


ECL 10 KH High-Speed 
Emitter-Coupled Logic Family 
MC10H210/MC10H211 
3-lnput, 3-0utput OR/NOR Gates 


Features/Benefits 


• Propagation delay, 1.0 ns typical 


• Power dissipation, 160 mW typical 


• Noise margin 150 mV (over operating voltage 


and temperature range) 


• Voltage compensated 


• ECL 10K-eompatlble 


Description 


The MC10H210 and MC10H211 are members of Monolithic 
Memories' ECl family. These devices are dual 3-input, 3-output 
"OR" and "NOR" gates respectively. These ECl 10KH parts are 
functional/pinout 
duplications of the standard ECl 10KHfamily 
parts, with 100% improvement in propagation delay and no in- 
crease in power supply current. 


Pin Configurations 


MC10H210 


3-INPUT 3-0UTPUT OR GATE 


MC10H211 
3-INPUT 3-0UTPUT NOR GATE 


PART NUMBER 
PACKAGE 
TEMPERATURE 


MC10H210 
J,N,Nl,(20) 
Com 
MC10H211 


2 
__ 


A.~3~t1 
In1 
6 
4 
2 


Ain2~ 
out3 


Aln3 
12 If.::':;:; 


B 
~3 
::2l!!1 


B1n1 ~ 
14 
Bout2 
in2::1t:::!:l _ 
B;;;;j3 


Bin3---- 


VCC1 
= PIN 1, 15' 


VCC2 = PIN 16 


VEE= 
PINS 
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Absolute 
Maximum 
Ratings 


Supply voltage, VEE (VCC = 0) .....................................................•.............•........ 
-8.0 V to 0 Vdc 
Input voltage. VI (VCC = 0) ..................................................•.............................. 
0 Vdc to VEE 
Output Current: 


Continuous 
............•.........................................•............•.............•................ 
50 mA 
Surge ...........................................•........................................................... 
100 mA 


SYMBOL 
PARAMETER 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 


VEE 
Supply voltage 
-5.46 
-5.2 
-4.94 
V 


TA 
Operating free-air temperature 
0 
75 
°c 


I 
Plastic 
-55 
150 


TSTG 
Storage temperature range 
I 


°c 


Ceramic 
-55 
165 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


IE 
Power supply current 
- 
42 
- 
38 
- 
42 
mA 


linH 
Input current HIGH 
- 
720 
- 
450 
- 
450 
p.A 


linL 
Input current LOW 
0.5 
- 
0.5 
- 
0.3 
- 
p.A 


VOH 
HIGH output voltage 
-1.02 
-0.84 
-0.98 
-0.81 
-0.92 
-0.735 
Vdc 


VOL 
LOW output voltage 
-1.95 
-1.63 
-1.95 
-1.63 
-1.95 
-1.60 
Vdc 


VIH 
HIGH input voltage 
-1.17 
-0.84 
-1.13 
-0.81 
-1.07 
-0.735 
Vdc 


VIL 
LOW input voltage 
-1.95 
-1.48 
-1.95 
-1.48 
-1.95 
-1.45 
Vdc 


-; 


0° 
25° 
75° 


SYMBOL 
PARAMETER 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


MC10H210 
0.5 
1.55 
0.55 
1.55 
0.6 
1.7 
tpd 
Propagation delay 
ns 


MC10H211 
0.7 
1.6 
0.7 
1.6 
0.7 
1.7 


MC10H210 
0.75 
1.8 
0.75 
1.9 
0.8 
2.0 
tp t+ 
Rise time 
ns 


MC10H211 
0.9 
2.0 
0.9 
2.2 
0.9 
2.4 


MC10H210 
0.75 
1.8 
0.75 
1.9 
0.8 
2.0 
tf, t- 
Fall time 
ns 


MC10H211 
0.9 
2.0 
0.9 
2.2 
0.9 
2.4 


Note: 
Each EeL 10KH series circuit has been designed to meet the de specifications 
shown in the test table, after thermal equilibrium 
has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated 
through a 50 n resistor to -2.0 V. 
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Monolithic mMemories 


Logic Cell ArrayTM 


Introduction 


The Logic 
Cell Array 
(LCA)'" 
is a CMOS 
integrated 
circuit 
with a 


flexible, 
uncommitted 
architecture 
and VLSI-Ievel 
density. 
The 


LCA 
is manufactured 
on 
Monolithic 
Memories' 
1.6 micron 


CMOS 
process. 
The device architecture 
as is shown 
in Figure 1, 
similar 
to that 
of a gate 
array, 
with 
an interior 
matrix 
of pro- 


grammable 
logic 
blocks, 
a surrounding 
ring 
of 
I/O 
interface 


blocks 
and programmable 
interconnect 
used to define the over- 


all device 
structure. 


Unlike 
gate arrays, 
Logic 
Cell Array 
functionality 
is defined 
by 


the user simply 
by loading 
the internal 
writable 
storage cells with 


the configuration 
data. An additional 
benefit, 
reprogrammability 


in system, 
allows 
in-eircuit-emulation 
to 
be used 
for 
design 


verification. 


The M2064 family 
of Logic 
Cell Arrays 
has been developed 
to 
allow Monolithic 
Memories 
to offer a device and technology 
that 


offer 
both the density 
benefits 
of gate arrays 
and the program- 
mability 
benefits 
of user-eonfigurable 
devices. 
These parts have 


been designed 
for maximum 
flexibility 
in system 
applications 


and are easy to use. 


Using 
the XACr" 
software 
development 
system, 
the designer 


can define 
and interconnect 
logic 
blocks 
to build 
larger-scale, 


multi-level 
logic functions. 
These are then connected 
to external 


circuitry. 
Interconnections 
throughout 
the 
Array 
are defined 


automatically 
by 
the 
development 
system, 
unless 
otherwise 


specified 
by the designer. 
~ecause 
the Logic 
Cell Array's 
logic 


functions 
and 
interconneqtions 
are established 
with 
memory 


cells, 
the array 
is never 
physically 
altered; 
instead 
it is simply 


reprogrammed. 
XACT Evaluation 
Kit (LCA-MEK01) 


Monolithic 
Memories 
offers evaluation 
software 
and documen- 


tation 
that will allow 
a designer 
to determine 
if his or her logic 


design 
fits and assess its performance 
as a Logic 
Cell Array. All 


that is needed is an IBM PC-XT, AT, or compatible, 
a three-button 


Mouse 
System 
or compatible 
mouse. 


XACT Development 
System 
(LCA-MDS21 
) 


The 
XACT 
Development 
System 
is the 
"power 
behind 
the 


machine." 
It will allow a designer 
to sit down with a concept 
and 


walk away with a completely 
tested, completely 
finished 
part. 


The 
reason 
is that 
XACT 
functions 
as both 
a CAE 
and CAM 


system. 
The 
CAE 
part 
of the 
system 
allows 
the 
designer 
to 


simply 
draw 
out 
the 
design 
using 
a sophisticated 
graphics- 


based design 
editor. The CAM part then converts 
the drawing 
to 


code, 
similar 
to a PALASM-generated 
JEDEC 
file, that allows- 


programming 
with 
conventional 
programming 
hardware 
of an 


EPSOM 
containing 
the configuration 
data 
for system 
photo- 


typing. 


The 
XACT 
Development 
System 
currently 
has 
113 macros 


and, in addition, 
allows 
the user to define 
his or her own macro. 


To insure that internal 
timing 
constraints 
are satisfied, 
a Timing 


Analyzer 
is included 
to calculate 
propagation 
delays along any 
path within 
the Array. 


As the design 
is being 
entered, 
the Automatic 
Design 
Checker 


insures that no design 
rules are violated, 
and when the design 
is 


completed, 
a final design 
rule check 
is performed. 


The XACT Development 
System 


Contents; 


• 
Editor 


• 
Macro 
Library 


• 
Design 
Checker 


• 
Timing 
Analyzer 


• 
Simulator 


• 
Configuration 
File Generator 


• 
Configuration 
File Formatter 


In-Circuit-Emulator 
(LCA-MDS24) 


The 
In-Circuit-Emulator 
is a software/hardware 
package 
that 


enables a designerto 
connect 
his or her target system to the work- 
station 
where 
a design 
has just been completed. 
The emulator 


package 
allows: 


• 
User control 
and monitoring 
of device 
function 


• 
Interactive 
or file-driven 
setup and configuration 


• 
Daisy-chain 
configuration 
capabilities 
for up to seven LCAs in 
a chain 


• 
Simultaneous 
in-circuit 
emulation 
of up to four devices 


• 
Single 
step capability 
for device 
clocks 


• 
Readback 
display 
of device 
internal 
register 
states 


• 
Dynamic 
reconfiguration 
capability. 


The In-Circuit-Emulator 
comes 
with a single 
"pod". 
Up to three 


additional 
pods 
(LCA-MDS25) 
may 
be 
ordered 
for 
each 
emulator. 


P-SILOS Simulation 
Package 
(LCA-MDS22) 


After 
a design 
is completed, 
the 
next 
step 
is to 
simulate. 


Monolithic 
Memories 
offers 
an integrated 
simulation 
package 


manufactured 
by Simucad, 
called 
P-SILOS. 


PART NUMBER 
DESCRIPTION 


LCA-MEK01 
LCA Evaluation 
Kit 


LCA-MDS21 
LCA Development 
system 


LCA-MDS22 
LCA Simulator 
- P-SILOS 


LCA-MDS24 
LCA In-Circuit-Emulator 


LCA-MDS25 
LCA In-Circuit-Emulator 
Pod 


LCA-MTB01 
LCA Demonstration 
Board 


The introduction 
of the Logic 
Cell Array 
will allow 
customers 
to 


reduce 
inventories 
of discrete 
components, 
reduce 
the time to 


market 
and development 
cost for new products, 
save money 
in 


manufacturing 
and spare parts inventory 
management, 
reduce 


test costs and improve 
system 
reliability. 


Fonfigurable 
Logic Block 


The core ofthe Logic Cell Array isan 8x8 matrix of Configurable 
~ogic Blocks. Each CLB provides four logic inputs, a clock 
input, a combinatorial 
logic section, two logic outputs, and a 


programmable storage element. 


The inputs drive a combinatorial logic section that can perform 
any logic function from a simple gate to a three-out-of-four 
rajority 
decoder. 


The combinatorial portion accepts and generates both positive- 
and negative-true logic, eliminating the need for inverters or the 
routing of complementary signals. 


The storage element can serveasaflip-flop (D-type) and can be 
programmed to have clock enable, synchronous set and reset, 
find various gated inputs. In addition, since all these options can 
be specified independently for each logic block, designers can 
fnix asynchronous and synchronous logic in any combination. 


The Array's extraordinary flexibility is also the result of a two- 
layer metal network of lines that run horizontally and vertically 
between the logic and I/O blocks, and a variety of user-definable 
interconnection elements. 


Definable interconnection points connect the inputs and outputs 
of logic and I/O blocks to nearby metal lines. 


Crosspoint switches and interchanges are clustered at the 
intersection of every row and column of logic blocks. They link 
horizontal and vertical paths and allow signals to be switched 
from one path to another. 


Finally, "long lines" run the length and breadth of the chip, 
bypassing interchanges but tying into logic blocks and other 
lines and distributing clocks and other critical signals with a 
minimum of propagation delay. 


Interchanges and interconnection point assignments, aswell as 
all routing are handled automatically by the XACT Development 
System Software. In addition, special graphics-based design 
tools 
are included 
to facilitate 
any necessary 
designer 


interaction. 
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Configurable 
I/O 
Block 


External signals enter and leave the chip through general- 
purpose, user-definable 
I/O blocks 
positioned 
around the 
periphery of the array. Each block can be programmed inde- 
pendently to be an input, output or bidirectional 
pin with a 
tristate control on the output. When configured as an input, the 
designer can select TTL or CMOS thresholds. In addition, each 
I/O bloc contains an input register option whose clock line is 
common to all the other I/O blocks along the same edge of the 
die. 


I/O blocks can also handle more than input and output func- 
tions. For example. the Input registers of unused I/O blocks can 
be used for read/write storage registers or as stages of a shift 
register. 


Logic Cell ArrayTM 
M2064 


Featuresl 
Benefits 


• 
CMOS 
programmable 
Logic 
Cell Array 
(LCA'") 
for replace- 


ment of standard 
logic 


• 
Completely 
reconflgurable 
by the user in the final 
system 


• 
High 
performance 
-20 
MHz flip-flop 
toggle 
rate (-20 speed 
grade) 


-33 
MHz flip-flop 
toggle 
rate (-33 speed 
grade) 
-50 
MHz flip-flop 
toggle 
rate (-50 speed 
grade) 


• 
User-conflgurable 
logic 
functions, 
Interconnect 
and I/O for 
maximum 
flexibility 


• 
64 user-Configurable 
Logic 
Blocks 
(CLBs) 
providing 
usable 


gate equivalency 
of up to 1500 gates 


• 58 Indlvidually-conflgurable 
I/O 
pins 
allowing 
any 
mix 
of 


inputs, 
outputs 
or bidirectional 
signals 
(58-pin 
package) 


• 
User-selectable 
TTL or HCMOS 
input 
threshold 
levels 


• 
Multiple 
configuration 
modes 
for 
greatest 
flexibilily 
and 


ease of use 


• Verification 
feature 
allows 
user to check 
configuration 
data 


• 
User-selectable 
security 
feature 
prevents 
read-back 
of 


configuration 
data 


• 
Read-back 
of internal 
register 
states 
for system 
debug 


• 
On-chip 
clock 
oscillator 
and 
clock 
buffer 
circuits 
provide 


flexible 
Internal 
and external 
clocking 
functions 


• 
Master 
reset of all Internal 
register 
elements 
in addition 
to 


user-configurable 
Reset 
and/or 
Set 
control 
of 
Individual 


CLB storage 
elements 


General 
Description 


The 
M2064 
is the 
first 
member 
of 
a family 
of 
configurable 
Logic 
Cell Arrays 
(LCAs) 
available 
from 
Monolithic 
Memories. 
These 
general 
purpose 
CMOS 
integrated 
circuit 
devices 
allow 
the user to rapidly 
implement 
complex 
digital 
logic 
functions 
directly 
without 
the requirement 
for masking 
or other 
vendor 
performed 
programming 
steps. 
Unique 
configuration 
circuitry 
allows 
complete 
reconfiguration 
within 
a user's final system 
to 
allow 
system 
changes 
"on-the-fly." 


User configuration 
is controlled 
by internal 
storage 
elements. 
These are loaded 
with data bits which 
control 
definition 
of logic 
functions, 
configuration 
of 
I/O 
blocks, 
routing 
of 
internal 


signals, 
and other 
options. 
Configuration 
data can be loaded 
in 
one of several 
methods 
to minimize 
impact 
on overall 
system 
design. 


CMOS 
technology 
optimized 
for 
system 
level 
performance 
provides 
LS-TTL 
compatible 
speeds 
with 
power 
consumption 


less than 10% of equivalent 
TTL systems. 
The use of innovative 
I/O buffers 
providing 
either TTL or CMOS 
input switching 
levels 
insures 
lowest 
possible 
power 
consumption 
in totally 
CMOS 


systems 
without 
any compromise 
in performance. 


M2064-20 CNL 
-,-=r-Tr 
AA~'''~' 
NUMBER 
NL = 68 Pin Molded Chip Carrier 
P 
= 68 Pin Grid Array 


SPEED GRADE 
N 
= 48 Pin Molded Dip 


-20 = 20 MHz toggle rate 
-33 = 33 MHz toggle rate 
TEMPERATURE RANGE 
-SO= SOMHz toggle rale 
C = Commercial 


PART 
NUMBER 
DESCRIPTION 


LCA-MDS21 
XACT 
Development 
System 


LCA-MDS22 
P-SILOS 
Simulation 
Package 


LCA-MDS24 
LCA 
In-Circuit 
Emulator 


LCA-MDS25 
In-Circuit 
Emulator 
Pod 


LCA-MEK01 
XACT 
Evaluation 
Kit 


XAcr·, 
XACTOR'·, LeA'" and Logic Cell Array are trademarks of XILINX Inc. 


P-SILOS'·,s 
a trademark of SimuCad. 
TWX: 
910-338-2376 


2175 Mission 
Coliege 
Blvd. 
Santa 
Clara. 
CA 95054-1592 
Tel: (408) 970-9700 
TWX: 
910-338-2374 
Monolithio ~~n 
Memories 
uun.u 
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Pin Description 


I/O 
User-configurable 
Input/Output 
pins. 


-PWRON 
Input 
forces 
device 
into 
low 
power 
mode; 
operation 
is 


suspended. 


MO--RT 
Dual function 
input. 
During 
initial 
power up, the state of MO and 


Ml 
determines 
the configuration 
mode. 
After 
configuration, 
a 


rising edge on -RT 
initiates 
a configuration 
read operation. 


M1--RO 
Dual function 
input/output. 
During 
initial 
power 
up, the state of 


Ml and MOdetermines 
the configuration 
mode. After configura- 
tion 
is complete, 
-RD 
outputs 
configuration 
data 
during 
a 


configuration 
read 
back 
operation 
synchronously 
with 
the 


toggling 
of the CCLK 
input. 


-RESET 
Input. 
A low level on this 
input 
after 
configuration 
causes 
all 


register elements 
internal 
to the LCA to be forced to 0.11 asserted 


prior to the start of configuration, 
causes the LCA to remain 
in 


the initialization 
state (configuration 
is not started). 
II asserted 


during 
configuration 
the LCA returns 
to the initialization 
state. 


OONE--PG 
Dual function 
output/input. 
During 
configuration 
the LCA pulls 


DONE 
low 
and 
releases 
it when 
configuration 
is complete 


(output 
is open drain). 
After configuration 
is complete, 
a falling 


edge on -PG 
initiates 
an LCA programming 
cycle 
(if enabled 
in 


the current 
configuration). 
This pin has an internal 
user-enabled 


pull-up 
resistor. 


XTAL1-1/0 
Dual function 
input and I/O. This pin may be configured 
by the 


user to be a normal 
I/O 
pin equivalent 
to any of the general 


purpose 
I/O pins. Alternatively, 
this pin and XTAL2 may be used 
to connect 
a crystal 
for use with 
the internal 
crystal 
oscillator 


configuration. 


XTAL2-1/0 
Dual function 
output 
and I/O. This pin may be configured 
by the 


user to be a normal 
I/O 
pin equivalent 
to any of the general 


purpose 
I/O pins. Alternatively, 
this pin and XTAL 1 may be used 


to connect 
a crystal 
for use with 
the internal 
crystal 
oscillator 


configuration. 


CCLK 
Configuration 
mode 
dependent 
input/output. 
CCLK 
is the 


master configuration 
clock 
used to configure 
the LCA. In slave 


mode it is an input; 
in all other 
modes 
it is an output 
designed 
to 


provide 
the input clocking 
of additional 
slave mode daisy chain 


connected 
LCA 
devices. 
During 
a configuration 
read 
back 


operation, 
CCLK 
serves 
as the clock 
input 
used 
to read the 
internal 
configuration 
data. 


OOUT-I/O 
Dual function 
output 
and 
I/O. General 
purpose 
user-configur- 


able I/O pin during 
normal 
operation. 
During 
configuration, 
the 


serial data stream supplied 
from the first LCA to LCAs down the 
serial daisy chain 
is output 
on DOUT 


-RCLK-I/O 
Dual function 
output 
and 
I/O. General 
purpose 
user-configur- 
able 
I/O 
pin 
during 
normal 
operation. 
During 
master 
mode 


configuration, 
a low level output 
on -RCLK 
indicates 
that the 


external 
memory 
device 
is being 
accessed. 


OO-OIN-I/O 
Multi-function 
input 
and 
I/O. General 
purpose 
user-configur- 


able 
I/O 
pin 
during 
normal 
operation. 
During 
master 
mode 


configuration, 
this pin is bit a of the 8-bit parallel 
input data bus 
(DO). During 
slave mode or peripheral 
mode configuration, 
this 


pin is the serial 
input data pin (DIN). 


01--WS-I/0 
Multi-function 
input 
and 
I/O. General 
purpose 
user-configur- 
able 
I/O 
pin 
during 
normal 
operation. 
During 
master 
mode 


configuration, 
this pin is bitl 
of the 8-bit parallel 
input data bus 
(Dl). 
During 
peripheral 
mode configuration, 
a low level on -WS 


indicates 
that 
a write 
operation 
is being 
performed 
by 
the 


controlling 
processor. 
See note. 


02-CS-I/0 
Multi-function 
input 
and 
I/O. General 
purpose 
user-configur- 
able 
I/O 
pin 
during 
normal 
operation. 
During 
master 
mode 


configuration, 
this pin is bit2 
of the 8-bit parallel 
input data bus 


(D2). During 
peripheral 
mode configuration, 
a high level on CS 


indicates 
that 
a write 
operation 
is being 
performed 
by 
the 


controlling 
processor. 
See note. 


03--CEO-I/0 
Multi-function 
input 
and 
I/O. General 
purpose 
user-configur- 
able 
I/O 
pin 
during 
normal 
operation. 
During 
master 
mode 
configuration, 
this pin is bit 3 of the 8-bit parallel 
input data bus 
(D3). During 
peripheral 
mode configuration, 
a low level on -CEO 


indicates 
that 
a write 
operation 
is being 
performed 
by 
the 
controlling 
processor. 
See note. 


04--CE1-1/0 
Multi-function 
input 
and 
I/O. General 
purpose 
user-configur- 


able 
I/O 
pin 
during 
normal 
operation. 
During 
master 
mode 
configuration, 
this pin is bit 4 of the 8-bit parallel 
input data bus 
(D4). During 
peripheral 
mode configuration, 
a low level on-CEl 
indicates 
that 
a write 
operation 
is being 
performed 
by 
the 
controlling 
processor. 
See note. 


OS-I/O to 07-1/0 
Input 
and 
I/O. 
General 
purpose 
user-configurable 
I/O 
pins 


during 
normal 
operation. 
During 
master 
mode 
configuration, 


these pins are bits 5 through 
7 ofthe8-bit 
parallel 
input data bus 


(D5-D7). 


AO-I/O to A15-1/0 
Output 
and 
I/O. General 
purpose 
user-configurable 
I/O 
pins 
during 
normal 
operation. 
During 
master 
mode 
configuration 
these 
pins are address 
output 
pins 
(AO-A15) 
used to address 
the external 
storage 
element 
used for configuration 
data. 


Note: to perform 
a peripheral 
mode 
write, 
the following 
logical 
combination 
is necessary: 
-WS 
. CS . -CEO· 
-CE1. 


Functional 
Description 


The 
M2064 
is a high-performance 
CMOS 
Logic 
Cell 
Array 
providing 
superior 
system 
performance 
with 
greatest 
user 
flexibility. 
Complete 
user-configurability 
provides 
an optimized 


solution 
to logic 
implementation 
problems. 


The M2064 
utilizes 
a unique 
Configurable 
Logic 
Block 
(CLB) 
structure 
as the basic 
functional 
building 
block 
of the device. 


Each CLB 
is a combination 
of a programmable 
logic 
function 


and a storage element. 
The CLB has the capability 
of performing 


any function 
of its inputs 
with 
the option 
of the output 
of the 
storage element 
included 
in the input field. User-defined 
logic is 


implemented 
in a matrix 
of sixty-four 
CLBs which 
are intercon- 
nected with user-eonfigurable 
interconnect 
resources. 


Fifty-eight 
independently 
configurable 
I/O 
Blocks; 
each 
of 
which 
can be a direct 
or latched 
input, 
a direct 
or open 
drain 


output, 
or a bidirectional 
I/O 
buffer; 
provide 
the 
interface 
to 


external 
circuits. 
Input voltage 
levels are user definable 
and may 


be either 
standard 
TTL or CMOS 
for all I/O Blocks, 
depending 


on the user's configuration 
choice. 


User-definable 
path selector 
or multiplexers 
are utilized 
to select 


configuration 
options 
for 
the 
CLBs 
and 
I/O 
Blocks. 
These 
selectors 
are set in the desired 
state by the configuration 
data 


loaded 
into the device 
upon 
power 
up. 


Logic 


User 
logic 
is implemented 
in one 
or more 
CLBs 
which 
are 


general 
purpose 
4-input, 
2-output 
elements. 
Figure 
1 shows 
a 


block 
diagram 
of a single 
CLB. 
Each element 
is composed 
of a 


4-input 
combinational 
logic 
module 
with two outputs, 
a general 
purpose 
storage 
element, 
and 
routing 
selection 
logic. 
The 
module 
can generate 
any combinational 
logic 
function 
of the 


four inputs, 
or it can generate 
any two independent 
functions 
of 


any 
three 
of the 
four 
inputs. 
If a function 
of four 
inputs 
is 


selected, 
that 
same 
function 
will 
be available 
on both 
of the 


outputs 
ofthe 
combinational 
module. 
The inputs to the combin- 


ational 
module 
are three of the four inputs to the CLB (A, Band 


C) and either 
the 
D input 
to the CLB, 
or the Q output 
of the 


storage 
element. 


The general 
purpose 
storage 
element 
has a data input, a clock 


input, a set direct 
input, a reset direct input and an output, 
Q. The 


storage 
characteristic 
may 
be defined 
as either 
a transparent 
latch 
or as an edge-triggered 
flip-flop. 
The data 
input 
is con- 


nected to one of the outputs 
of the combinational 
logic module. 


The 
set 
direct 
and 
reset 
direct 
inputs 
may 
be 
individually 


enabled 
or disabled. 


The reset direct 
input, 
if enabled, 
may come 
from 
either 
the D 
inputto 
the CLB, orfrom 
the G output 
of the combinational 
logic 


module. 
Set direct 
control, 
if enabled, 
can come from either the 


A input 
to the CLB 
or from 
the F output 
of the combinational 


logic module. 


Clock 
for the storage 
element 
may be individually 
enabled 
or 
disabled 
and can be driven 
by the clock 
input, 
K, to the CLB, the 
C input to the CLB, or the G output 
of the combinational 
logic 


module. 
Final outputs, 
X and Y, from the CLB can be selected 
to 


be either ofthe 
two outputs, 
F and G, ofthe 
combinational 
logic 


module, 
or the Q output 
from 
the storage 
element. 


D 


= USER DEFINABLE 
PATH SELEClOR 


The M2064 contains 
fifty-eight 
user-eonfigurable 
I/O blocks 
for 


connection 
to external 
circuits. 
Each block 
is a general 
purpose 
device 
containing 
a three-state 
output 
buffer, 
an input 
buffer, 


and an input 
flip-flop 
as shown 
in Figure 
2. The 
input 
buffer 


always 
reflects 
the status 
of the I/O pin or the contents 
of the 


input flip-flop. 
If the flip-flop 
is selected, 
data present 
on the I/O 
pin will 
be clocked 
to the input 
buffer 
by the 
I/O block 
clock 
signal. 
All I/O blocks 
on a particular 
edge of the device 
share a 
common 
I/O clock 
signal. 
The output 
buffer 
may be enabled, 


disabled, 
or under 
the control 
of the three-state 
connection. 


D 


= USER DEFINABLE 
PATH SELEClOR 


There 
are nine 
rows 
and 
nine 
columns 
of metal 
interconnect 
resources 
with one row or column 
located 
between 
each row or 
column 
of 
CLBs 
or 
I/O 
blocks. 
Each 
row 
or 
column 
of 
interconnect 
resources 
contains 
local 
use lines, long 
lines and 
programmable 
interconnect 
points 
between 
I/O blocks, 
CLBs 
and interconnect 
resources. 
Local lines run either vertically 
from 
one row of resources 
to the adjacent 
row or horizontally 
from 
one 
column 
to the 
adjacent 
column. 
Long 
lines 
run the 
full 
height or width of the device. At the intersection 
of every row and 
column 
of interconnect 
resources 
are user configurable 
inter- 
connect 
elements 
which 
allow 
multiple 
combinations 
of con- 
nections 
between 
local 
lines in adjacent 
rows and columns. 
In 
addition, 
selected 
intersections 
of local 
and long 
lines can be 
connected 
by user programmable 
interconnect 
points. 


Inputs 
and outputs 
from 
each CLB or I/O block 
have program- 
mable connections 
to the interconnect 
resources 
in the adjacent 
rows and columns. 
These connections 
allow 
CLBs or I/O block 
connections 
to be made for proper 
signal 
routing 
to or from 
the 
I/O blocks 
or CLBs. 
In addition 
to the programmable 
connec- 
tions 
to 
adjacent 
interconnect 
resources, 
there 
are 
direct 
connection 
paths which 
do not utilize 
the general 
interconnect 
resources. 
These 
paths 
allow 
selected 
connection 
between 
some 
I/O 
blocks 
and 
CLBs 
and 
between 
adjacent 
CLBs. 
For 
example, 
the outputs 
of a CLB 
in the interior 
of the matrix 
of 
CLBs 
may be connected 
to adjacent 
CLBs 
without 
using 
any 
interconnect 
resources. 
I GLOBAL CLOCK BUFFER 
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BUFFER 


lOBo 
CRYSTAL OSCILLATOR 
CIRCUIT 


Figure 
3. Overview 
Functional 
Layout 
of the M2064 


Clock Generation and Buffering 


The M2064 contains 
two special 
purpose 
clock 
buffers 
for gen- 
erating 
and driving 
clock 
signals 
to multiple 
CLBs or I/O blocks 


with 
negligible 
skew. The Global 
Clock 
Buffer, 
is dedicated 
to 
driving 
a matrix 
of long lines which 
have configurable 
connec- 
tions to the K input of each CLB register. 
This clock 
buffer 
may 
be driven 
from 
an internally 
generated 
register 
source, 
or con- 
figured 
with a connection 
directly 
to an I/O block 
for driving 
it 
with an external 
clock 
signal. The output 
from the Global 
Clock 
Buffer 
may 
be configured 
to directly 
drive 
an 
I/O 
block 
for 
driving 
clock 
signals 
off the device. 


The alternate 
clock 
buffer 
can be configured 
either 
as a simple 
buffer 
or as a buffer 
for 
the 
crystal 
oscillator. 
In the 
crystal 
oscillator 
mode, 
an externally 
connected 
crystal 
and optional 
passive components 
form a clock 
generator 
for use on the chip 
or 
for 
driving 
other 
external 
circuits 
(see 
Figure 
4). 
When 
configured 
in the buffer 
mode, 
the alternate 
clock 
buffer 
can 
have either 
one or both 
of its input 
and output 
configured 
to 
directly 
drive, 
or be driven 
by, an I/O block. 
The output 
of the 
alternate 
clock 
buffer 
can drive long lines in any column 
of CLBs 
as well as local interconnect. 


XTAL2 


XTAL1 


43 


Suggested 
component 
values: 


R1 
1 - 4 M!1 
R2 
0-lK!1 
(may be required 
for low frequency, 
phase 
shift and/or 
compensate 
level for crystal 
0) 


5 - 20 pF 
1 - 10 MHz AT cut 
C1,C2 


Y1 


Figure 
4. Crystal 
Oscillator 


Each CLB has a special 
clock 
input 
(K) which 
can be selected 
as 
the clock 
input 
of the storage 
element. 
Clock 
inputs 
to user 
selected 
CLBs 
can be configured 
to be driven 
from 
either 
the 
Global 
Clock 
Buffer, 
the oscillatorlbuffer 
or from 
other 
local 
interconnect. 
Clocks 
to the I/O blocks 
can be configured 
from 
either 
of the clock 
buffers 
or the local 
interconnect. 


Programming 


Configuration 
of the device 
may 
be performed 
in anyone 
of 
three modes. 
The desired 
configuration 
mode 
is set by the state 
of the 
mode 
pins 
MO and 
M1 at power 
up (see Table 
1). All 
configuration 
data 
relating 
to CLB 
function 
definition, 
inter- 
connect 
resource 
utilization, 
and I/O block 
programming 
must 
be loaded 
into the device prior to use. In the peripheral 
and slave 
modes the data is supplied 
in a serial stream 
in conjunction 
with 
the 
configuration 
clock 
signal, 
CCLK. 
In master 
mode, 
the 
device automatically 
loads data from an external 
memory 
device 
by supplying 
addresses 
and reading 
bytes of data. In all modes 
the data patterns 
required 
to create a specific 
configuration 
are 
the same. 


MODE 
SELECT 
PINS 
MO 
M1 


Master 
LOW mode 
0 
0 


Master 
HIGH 
mode 
0 
1 


Peripheral 
mode 
1 
0 


Slave mode 
1 
1 


Data patterns 
for a specific 
user-configuration 
are created 
with 


the Monolithic 
Memories 
XACT 
LCA Development 
System 
and 


can be output 
to a standard 
EPROM 
programmer 
or saved on 


disk for inclusion 
with other 
software. 
Users who are using the 


Monolithic 
Memories 
XACT 
debugging 
system 
can 
directly 


access the configuration 
data and load the device directly 
during 


a debug 
session. 
Because 
of the complexity 
of the data patterns 


and difficulty 
in generating 
them without 
a thorough 
knowledge 


of the device, users are discouraged 
from attempting 
to generate 


data patterns 
on their own. 
Data pattern 
files for M2064 devices 


contain 
1536 bytes. 


Special Features 


The M2064 contains 
several special 
features 
which 
enhance 
its 


capacity 
for use in a wide variety 
of applications. 
Among 
these 


are the following: 


Data Security 
The 
M2064 
configuration 
data 
contains 
special 
control 
bits 


which 
enable 
or disable 
configuration 
data security 
control. 
If 


enabled, 
the 
security 
control 
will 
prevent 
the 
read-back 
of 


configuration 
data after the initial 
configuration. 
There are two 


possible 
modes 
of operation 
under 
security 
control. 
One mode 
allows a single 
read-back 
after configuration 
to allow verification 


of the data. In the second 
mode, all access 
to the configuration 


data is prevented. 


Reprogrammability 
Configuration 
data changes 
are controlled 
by reprogramming 


control 
bits in the configuration 
data supplied 
to the device. 
If 


reprogramming 
is enabled, 
the user may supply 
new configura- 


tion data at any time by asserting 
the correct 
control 
sequence 


on the DONE--PG 
and MO and M1 mode control 
pins. Alterna- 


tively, 
the 
user 
may 
elect 
to 
prevent 
reconfiguration 
of 
the 


device. When operating 
in this mode, the only method 
to remove 


the configuration 
is to remove 
all power 
from 
the device. 


Inactive Power-down 
In a system 
which 
is to 
remain 
in its current 
configuration 


through 
power 
loss, the M2064 may be forced 
into a low power 


inactive 
state 
by using 
the -PWRDN 
pin. When 
held 
low, the 


LCA will 
retain 
all configuration 
data 
but will 
not operate. 
All 


clocks will be stopped 
and all outputs 
put into a high-impedance 


state. 
Power 
is reduced 
to a very low level, allowing 
a simple 


external 
battery 
arrangement 
to supply 
the required 
configura- 


tion data saving 
power 
(see electrical 
characteristics). 


Configuration 
Data Read-back 
A mechanism 
is provided 
in the M2064 to provide 
verification 
of 


stored 
configuration 
data. The configuration 
read-back 
is initi- 


ated by toggling 
the -RT 
pin and clocking 
the CCLK 
pin. Each 
clock 
applied 
to CCLK 
will read out a configuration 
data bit on 


the -RD 
pin. When all configuration 
data has been read out, the 
-RD 
pin will return 
to its inactive 
state. The configuration 
data 
may be read at any time with 
no effect 
on the operation 
of the 
device. 
Once 
a configuration 
read-back 
has been 
initiated, 
all 
data must be read out of the device 
to insure 
that subsequent 


read-back 
operations 
will begin at the start of the configuration 


data. 


Master Reset 
After 
device 
configuration, 
the -RESET 
pin becomes 
a master 


reset 
for 
all 
CLB 
and 
lOB 
storage 
elements 
in the 
device. 


Asserting 
this control 
signal will asynchronously 
reset all of the 


internal 
storage 
registers 
regardless 
of the operating 
condition 


of the circuit. 


Development 
System 


The 
Monolithic 
Memories 
Design 
System 
is an 
integrated 


package 
of design 
tools 
for developing 
configuration 
data for 


LCAs. All aspects 
of configuration 
are specified 
through 
inter- 


active 
graphics 
software. 
Facilities 
to verify 
functionality 
and 


timing 
of the designed 
configuration 
insure that designs 
operate 


as desired. 


XACT is a graphic 
design 
system 
used to specify 
LCA designs. 
It 
contains 
several 
standard 
and 
several 
optional 
software 
and 


hardware 
packages. 
The basic package 
runs on an IBM PC/XT 
or AT compatible 
computer 
with 640K memory, 
a color 
monitor 


and a mouse. The tools accessible 
from the executive, 
including 


the optional 
packages, 
are: 


• 
LCA Editor 
and Macros 
• 
Timing 
Analyzer 
• 
Simulator 
(P-Silos, 
optional) 
• 
Configuration-File 
Generator 
• 
Configuration-File 
Formatter 
• 
XACTOR 
2 In-circuit-emulator 
(optional). 


XACTOR 
2 consists 
of a software 
program 
plus 
a hardware 


attachment 
that allows 
control 
of up to four LCAs. The program 
contains 
commands 
for: 


• 
Loading 
configuration 
data 
• Activating 
the Master 
Reset input 
• 
Reconfiguring 
• 
Single 
stepping 
the device 
clock 
• 
Reading 
back configuraiton 
data and state of all 122 internal 
registers 
on any clock 
cycle. 


• 
Real time system 
debug. 


An evaluation 
kit is available 
which 
includes: 


• 
Complete 
documentation 
of the Development 
System 


• 
A sample 
LCA design 
• 
XACT software 
package. 


Contact 
your 
local 
Monolithic 
Memories 
Representative 
or 


Distributor 
for more 
information. 


Absolute 
Maximum 
Ratings· 


Supply 
voltage 
VCC 
" 
, 
-0.5 V to 7 V 
Power down 
VCC 
...........................•..•............................................................ 
2 V to 7 V 


Input voltage 
;........................................................ 
-0.5 V to VCC 0.5 V 
Voltage 
applied 
to three-state 
output 
...........•..................................•.................. 
-0.5 V to VCC 0.5 V 
Storage 
temperature 
range............ 
.....•.. 
. 
..........................•...... 
-65°C 
to +150°C 


Lead temperature 
(soldering. 
10 seconds) 
260°C 


-Note: 
Stresses beyond those listed under "Absolute 
Maximum 
Ratings" may cause permanent 
damage 
to the device. These are stress ratings only and functional 
operation 


of the 
device 
at these 
or any 
other 
conditions 
beyond 
those 
listed 
under 
"Recommended 
Operating 
Conditions" 
is not 
implied. 
Exposure 
to "Absolute 
Maximum 


Ratings" 
conditions 
for extended 
periods 
of time 
may 
affect 
device 
reliability. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


VCC 
Supply 
voltage 
relative 
to GND 
4.75 
5.25 
V 


VIHT 
High level input voltage- 
TTL configuration 
2.0 
V 


VIHC 
High 
level input voltage-CMOS 
configuration 
0.7 
V 


VILT 
Low level input voltage- 
TTL configuration 
0 
0.8 
V 


VILC 
Low level input voltage-CMOS 
configuration 
0 
0.2 
V 


liT 
Input 
leakage current- 
TTL configuration 
±1 
IJA 


IIC 
Input 
leakage 
current-CMOS 
configuration 
±1 
IJA 


IOZ 
Three-state 
output 
off current 
(VCC = 5.5V) 
±10 
IJA 


top 
Operating 
free-air 
temperature 
0 
70 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


VOH 
High level output 
voltage 
VCC 
= 4.75 V 
IOH = -4.0 mA 
3.86 
V 


VOL 
Low level output 
voltage 
VCC = 4.75 V 
IOL 
= 4.0 mA 
0.32 
V 


Quiescent 
operating 
I CMOS 
inputs 
VCC=5.0V 
5 
mA 
ICCO 
power supply 
current 
I TTL 
inputs 
VCC=5.0V 
10 
mA 


ICCPD 
Power down 
supply 
current 
VCC 
= 2.0 V 
Consult 
factory 
V 


Power on Timing 
The 
M2064 
contains 
on-chip 
reset timing 
logic 
for power-up 


operation. 
To insure proper 
master mode system operation, 
VCC 


must rise from 
2.0 V to minimum 
specification 
level in 10 ms or 


less. 
For 
other 
modes, 
initiation 
of 
configuration 
must 
be 


delayed 
for 60 ms after 
VCC 
reaches 
the minimum 
specified 


level. 


ITEM 
DESCRIPTION 
M2064·50 
M2064·33 
M2064·20 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tllO 
Input through 
logic to X or Y 
15 
20 
35 
ns 


tlTO 
Input through 
logic and latch to X or Y 
20 
25 
45 
ns 


teKO 
Storage 
element 
clock 
from 
K to output 
15 
20 
35 
ns 


tcco 
Storage 
element 
clock 
from 
C to output 
19 
25 
45 
ns 


tCIO 
logic 
to storage 
element 
clock 
to output 
27 
37 
65 
ns 


tQLO 
Storage 
element 
Q to logic to output 
8 
13 
30 
ns 


tiCK 
Input setup to K clock 
to storage 
element 
8 
12 
22 
ns 


teKI 
Input 
hold to K clock 
to storage 
element 
0 
0 
0 
ns 


tlCC 
Input setup to C clock 
to storage 
element 
9 
12 
18 
ns 


tCCI 
Input 
hold to C clock 
to storage 
element 
0 
6 
10 
ns 


tiC I 
Input setup to input clock 
to storage 
element 
4 
6 
10 
ns 


tCIi 
Input 
hold to input clock 
to storage 
element 
5 
9 
15 
ns 


tRIO 
Input to storage 
element 
ReseVSet 
to output 
22 
25 
45 
ns 


tRlO 
logic 
to storage 
element 
ReseVSet 
to output 
28 
37 
65 
ns 


tRPW 
ReseVSet 
pulse width 
9 
12 
20 
ns 


tRS 
Storage 
element 
control 
separation 
9 
17 
30 
ns 


tCH 
Storage 
element 
clock 
high time 
9 
12 
20 
ns 


tCl 
Storage 
element 
clock 
low time 
9 
12 
20 
ns 


fClK 
Storage 
element 
clock 
frequency 
50 
33 
20 
MHz 


tMRQ 
Master 
reset to storage 
element 
Q to output 
25 
35 
60 
ns 


XILINX 
MONOLITHIC 
VCC 
FMAX 
MEMORIES 
MIN 
MAX 


XC-2064-1 
4.5V 
5.5V 
20 MHz 


M2064-20 
4.75 V 
5.25 V 
20 MHz 


XC-2064-2 
4.5V 
5.5V 
33 MHz 


XC-2064-33 
M2064-33 
4.75 V 
5.25 V 
33 MHz 


XC-2064-50 
M2064-SO 
4.75 V 
5.25 V 
50 MHz 


II-tCKO- 
.--tcco~ 
_ 
t 
CIO 


(SET/RESE~ 
/ 


1__ --tRIO--_·1 


IN (LOGIC TO 
/ 
i 
SET/RESET) ---I 


1~-~----tRlO-----~. 
_ 


OUT 


(FROM S.E.)---------------~ 


Note: 
1. Input refers to CLB inputs A, B, Cor 0 


2. Output 
refers to CLB output 
X or Y 


3. Clock 
refers to the CLB storage 
element 
clock 


4. FF (Flip-Flop) 
or L (Latch) 
refers to the CLB storage 
element 


5. Set and Reset refer to CLB storage 
element 
controls 


ITEM 
DESCRIPTION 
M2064-50 
M2064-33 
M2064-20 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tplD 
Pad to input direct 
8 
12 
20 
ns 


tpL 
Pad input setup to I/O clock 
8 
12 
20 
ns 


tLP 
Pad input 
hold to I/O clock 
0 
0 
0 
ns 


fL 
Frequency, 
I/O clock 
50 
33 
20 
MHz 


tLW 
Pulse width 
input 
latch clock 
9 
12 
20 
ns 


tLi 
Input 
latch clock 
to input 
15 
20 
30 
ns 


top 
Output 
to pad output 
(three-state 
enabled) 
12 
15 
25 
ns 


tTHZ 
Three-state 
inactive 
to high impedance 
20 
25 
35 
ns 


tTON 
Three-state 
active to output 
on 
20 
25 
40 
ns 


tRI 
Master 
Reset to latched 
input 
reset 
25 
30 
50 
ns 


\__/ 


I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 


! 
\_---- 


top ---i--l 
1--tR1--I 


OUTPUT 
I\~ 
_ 
\_--- 


Note: 
1. Output (0) refers to the output connection on the lOB 


2. Input (I) refers to the input connection on the 108 


3. Three-state (T) refers to the three-state control on the lOB 


4. Pad or Pin (P) refers to the device pin connected 
to the lOB 


5. Latch (L) refers to the input Flip-Flop clock connection 
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ITEM 
DESCRIPTION 
M2064-50 
M2064-33 
M2064-20 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tCCH 
CCLK 
high time 
300 
300 
500 
ns 


tCCL 
CCLK 
low time 
200 
200 
300 
ns 


tCCL 
CCLK 
low time 
5000 
5000 
10000 
ns 


tDCC 
DIN data setup to CCLK 
rising 
edge 
25 
25 
50 
ns 


tCCD 
DIN data hold from 
CCLK 
rising 
edge 
40 
40 
75 
ns 


tcco 
DOUT 
data delay from 
CCLK 
falling 
edge 
65 
65 
100 
ns 


fCC 
CCLK 
maximum 
frequency 
2 
2 
1 
MHz 


I 


ITEM 
DESCRIPTION 
M2064-50 
M2064-33 
M2064-20 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tCA 
Control 
input active 
period 
200 
200 
300 
ns 


tCA 
Control 
input active 
period 
5000 
5000 
1ססoo 
ns 


tCI 
Control 
input 
inactive 
period 
150 
150 
250 
ns 


tccc 
CCLK 
delay from 
control 
input edge 
75 
75 
100 
ns 


tDC 
DIN setup to control 
transition 
35 
35 
50 
ns 


'cO 
DIN hold from 
control 
transition 
5 
5 
10 
ns 


Notes: 1. Peripheral mode timing determined 
from last control signal (-CEO, -GEl, 
-WS. 
CS) to transition to active or inactive state. 


2. CCLK timing minima and maxima same as for slave mode. 


3. CCLK and DOUT timing same as for slave mode. 


!--ICCH-/ 


CCLK~/ 
\~---Jr 
tocc+I-r-ICCO 
I-tCCL-I 


OIN'IJJ:lY:ll:llJ< 
VALID 
~ 


~.~-- 
OOUT_ 
VALID 


--~~~- 
\__/ 
\_- 


\__/ 
\~- 


CL_/ 
\_----.1/ 


U'~ 
__ 
/--L 
~--r-~1_ 
OIN~ 
_ 
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ITEM 
DESCRIPTION 
M2064-50 
M2064-33 
M2064-20 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tARC 
Address 
invalid 
prior 
to -RCLK 
edge 
0 
0 
0 
ns 


tRCA 
Address 
valid from -RCLK 
edge 
200 
200 
300 
ns 


tDRC 
Data bus setup to -RCLK 
edge 
60 
60 
100 
ns 


tRCD 
Data bus hold from -RCLK 
edge 
0 
0 
0 
ns 


tRCH 
-RCLK 
high 
600 
600 
600 
ns 


tRCL 
-RCLK 
low 
4000 
4000 
4000 
ns 


AO-A15 
VALID OUTPUT 
VALID 


'RCA 


00-07 


tORC 
-1--+-tRCO 


-RCLK 
\ 
/ 
~ 


ITEM 
DESCRIPTION 
M2064-50 
M2064-33 
M2064-20 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tRTH 
Read trigger 
(RT) high time 
150 
150 
250 
ns 


tRTCC 
Delay from 
RT assertion 
to first CCLK 
60 
60 
100 
ns 


tCCRD 
Delay from 
CCLK 
edge to RD data valid 
60 
60 
100 
ns 


tDRT 
Wait period 
from 
DONE 
to RT assertion 
75 
175 
300 
ns 


Notes: 1. Timing for CCLK is same as for slave programming 
mode. 


2. DONE/-PG 
output/input 
must be high (device programmed) 
prior to assertion of -PG. 
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DESCRIPTION 
M2064·50 
M2064-33 
M2064-20 
UNIT 
ITEM 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tVMR 
Master 
Reset delay from 
valid VCC 
150 
150 
250 
ns 


tMRW 
Master 
Reset pulse width 
150 
150 
250 
ns 


tMR 
Mode control 
setup to Master 
Reset 
60 
60 
100 
ns 


tRM 
Mode control 
hold from 
Master 
Reset 
7 
7 
10 
ns 


tpGW 
Program 
control 
pulse width 
6000 
6000 
6000 
ns 


tpGI 
Program 
control 
to I/O initialized 
7000 
7000 
7000 
ns 


tClH 
Clock 
buffer 
input 
high time 
9 
12 
20 
ns 


tCll 
Clock 
buffer 
input 
low time 
9 
12 
20 
ns 


fCl 
Clock 
buffer 
input frequency 
50 
33 
20 
MHz 


VCCVALID !--tVMR-1 
---{-tMRW j 


MASTER L 
RESET 
/ 
I 
------ 
------ 


."'"""'" l~tMR 
~!. 
~~ 


MO/M'('). 
VALID ~ 


DONE/-PG 
\ 
/ 
r--tPGW 


Outputs 
loaded 
with rated DC current 
and 5Q-pF capacitance 
to 


GND. 


I15~16 


logic 
libraries 
and other 
macro 
capabilities 
can be utilized 
for 


rapid design 
entry. 


Physical 
placement 
and hard connections 
are performed 
with 


the 
graphics 
placement 
and 
connection 
capabilities. 
Final 


device 
layout 
and 
routing 
are 
visible 
and 
can 
be modified 


without 
disturbing 
the logical 
arrangement 
logical 
connectivity 


and physical 
layout 
rules checking 
are performed 
automatically. 


Full timing 
analysis 
and 
functional 
simulation 
of user config- 
urations 
allows 
device 
performance 
and 
functional 
checking 


without 
external 
test hardware. 
In addition, 
point-to-point 
path 


timing 
calculation 
capability 
is provided 
to 
simplify 
general 
timing 
analysis 
and critical 
path determination. 


The 
debugging 
system 
provides 
full 
emulation 
in the 
user's 


target· system. 
User configurations 
may be transferred 
directly 


from the design 
phase into the target system and tested through 


the emulation 
system. 


Additional 
capabilities 
include 
a tool 
for automatic 
hard copy 


generation 
of the user's logic design 
and physical 
implementa- 
tion 
and 
a tool 
for 
transferring 
programming 
bit 
patterns 
to 


EPROM 
programming 
systems. 


MonolithicmMemories 


The 
following 
58-pin 
PLCC 
sockets 
have 
been 
evaluated 
by 
Monolithic 
Memories 
and have been found 
to exhibit 
acceptable 
connectivity, 
device 
retention 
and 
device 
extraction 
charac- 
teristics: 


VENDOR 
DESCRIPTION 
PART NUMBER 


AMP 
PCB solder 
tail, tin plate 
821574-1 


AMP 
Surface 
mount, 
tin plate 
821542-1 


Burndy 
PCB solder 
tail, tin plate 
QILE68P-410T 


Midland- 
PCB solder 
tail, tin plate 
709-200Q-068-4-H 
Ross 


M2064 
LOGIC 
CELL ARRAY 
(48 PIN DIP) 


VENDOR 
DESCRIPTION 
PART NUMBER 


Methode 
PCB solder 
tail, tin plate 
213-068-001 


Methode 
Surface 
mount, 
tin plate 
213-Q68-Q02 


Notes: 1. The standard device extraction 
tools supplied with the XACT 
development 
system will work with all of the above sockets. 


2. All of the above PCB solder tail sockets 
have the same hold pattern 
and pinout. 
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Clock Frequency 


Maximum 
clock frequency, 
fmax 


The highest 
rate at which 
the clock 
input of a bistable 
circuit 
can 
be driven 
through 
its 
required 
sequence 
while 
maintaining 
stable transitions 
of logic level at the output 
with input conditions 
established 
that should 
cause 
changes 
of output 
logic 
level in 
accordance 
with the specification. 
Current 


High-level 
input current, IIH 


IThecurrent 
into' 
an input when a high-level 
voltage 
is applied 
to 
that input. 


High-level output current, 10H 


The current 
into' 
an output 
with 
input 
conditions 
applied 
that 
according 
to the product 
specification 
will establish 
a high level 
at the output. 


High-level output current, leEX 
t 


he high-level 
leakage 
current 
of an open collector 
output. 


ow-level input current, IlL 


The current 
into' 
an input when a low-level 
voltage 
is applied 
to 
that input. 


Low-level output current, 10L 


The current 
into' 
an output 
with 
input 
conditions 
applied 
that 
according 
to the product 
specification 
will establish 
a low level 
at the output. 


Off-state 
(high-impedance-state) 
output 
current 
(of a three- 


~tate output), toz 


The current 
into' 
an output 
having 
three-state 
capability 
with 


input conditions 
applied 
that according 
to the product 
specifica- 
tion will establish 
the high-impedance 
state at the output. 


Short-circuit 
output current, 10S 


The current 
into' 
an output 
when 
that output 
is short-circuited 
to ground 
(or other 
specified 
potential) 
with 
input 
conditions 


~PPlied to establish 
the output 
logic 
level farthest 
from 
ground 


~otential 
(or other 
specified 
potential). 


Supply current, Ice 


The 
current 
into' 
the 
VCC 
supply 
terminal 
of an integrated 


circuit. 


'Current 
out of a terminal 
is given as a negative 
value. 


Hold Time 


Hold tlme~ 


The interval during 
which 
a signal 
is retained 
at a specified 
input 
terminal 
after 
an active 
transition 
occurs 
at another 
specified 
input terminal. 


NOTES: 
1. The hold time is the actual time between 
two events 
and may be insufficient 
to accomplish 
the intended 
result. 
A minimum 
value 
is specified 
that 
is the 
shortest 
interval 
for which 
correct 
operation 
of the 
logic element 
is guaranteed. 


2. The hold time 
may have a negative 
value 
in which 
case the minimum 
limit defines 
the longest 
interval 
(between 
the release 
of data and the active transi- 
tion) 
for 
which 
correct 
operation 
of 
the 
logic 
element 
is guaranteed. 


Output Enable and Disable Time 


Output enable time (of a three-state 
output) to high level, tpZH 
(or low level, tpZL) 


The 
propagation 
delay 
time 
between 
the specified 
reference 
points 
on 
the 
input 
and 
output 
voltage 
waveforms 
with 
the 
three-state 
output 
changing 
from 
a high-impedance 
(off) state 
to the defined 
high 
(or low) level. 


Output enable time (of a three-state 
output) to high or low level, 


tpzx 


The 
propagation 
delay 
time 
between 
the specified 
reference 
points 
on 
the 
input 
and 
output 
voltage 
waveforms 
with 
the 
three-state 
output 
changing 
from 
a high-impedance 
(off) state 
to either 
of the defined 
active 
levels (high 
or low). 


Output 
disable time (of a three-state 
output) 
from high level, 


tpHZ 
(or low level, tpLZ) 


The 
propagation 
delay 
time 
between 
the specified 
reference 
points 
on 
the 
input 
and 
output 
voltage 
waveforms 
with 
the 
three-state 
output 
changing 
from the defined 
high (or low) level 
to a high-impedance 
(off) state. 


Output 
disable time (of a three-state 
output) 
from high or low 


level, tpxz 


The 
propagation 
delay 
time 
between 
the specified 
reference 
points 
on 
the 
input 
and 
output 
voltage 
waveforms 
with 
the 
three-state 
output 
changing 
from 
either 
of the defined 
active 
levels (high or low) to a high-impedance 
(off) state. 


tEA is the output enable access time of memory devices. 
tER Is the output 
disable 
(enable 
recovery) 
time of memory 
devices. 


Propagation Time 


Propagation 
delay time, tpo 


The time between 
the specified 
reference 
points 
on the input 
and output 
voltage 
waveforms 
with 
the output 
changing 
from 
one defined 
level (high 
or low) to the other 
defined 
level. 


Propagation 
delay time, low-to-high-Ievel 
output, tpLH 


The time 
between 
the specified 
reference 
points 
on the input 
and output 
voltage 
waveforms 
with 
the output 
changing 
from 
the defined 
low level to the defined 
high 
level. 


Propagation 
delay time, high-to-Iow-Ievel 
output, tpHL 


The time 
between 
the specified 
reference 
points 
on the input 
and output 
voltage 
waveforms 
with 
the output 
changing 
from 
the defined 
high 
level to the defined 
low level. 


tAA Is the address (to output) 
access time of memory 
devices. 


Pulse width, tw 


The time 
interval 
between 
specified 
reference 
points 
on the 
leading 
and trailing 
edges 
of the pulse 
waveform. 
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Setup Time 


Setup time, !au 


The 
time 
interval 
between 
the application 
of a signal 
that 
is 


maintained 
at one specified 
input 
terminal 
and a consecutive 
active transition 
at another 
specified 
input 
terminal 


NOTES: 
1. The 
setup 
time 
is the 
actual 
time 
between 
two 


events 
and may be insufficient 
to accomplish 
the 


setup. 
A 
minimum 
value 
is specified 
that 
is the 
shortest 
interval 
for which 
correct 
operation 
of the 
device 
is guaranteed. 


2. The setup time may have a negative 
value in which 
case the minimum 
limit defines 
the longest 
interval 


(between 
the active transition 
and the application 
of 
the other 
signal) 
for which 
correct 
operation 
of the 
device 
is guaranteed. 


Voltage 


High-level 
Input voltage, VIH 


An input voltage 
within 
the more 
positive 
(less negative) 
of the 


two ranges of values assumable 
by a binary 
variable. 


NOTE: 
A minimum 
is specified 
that is the least positive 
value 


of high-level 
voltage 
for which 
operation 
of the logic 


element 
within 
specification 
limits 
is guaranteed. 


High-level output voltage, VOH 


The voltage 
at an output 
terminal 
with input conditions 
applied 


that will establish 
a high 
level at the output. 
The actual 
input 


conditions 
needed 
are determined 
by the 
individual 
product 
specification. 


Input clamp voltage, Vie 


An 
input 
voltage 
in 
a 
region 
of 
relatively 
low 
differential 


resistance 
that serves to limit the input 
voltage 
swing. 


Low-level 
Input voltage, VIL 


An input voltage 
level within 
the less positive 
(more negative) 
of 
the two ranges of values assumable 
by a binary 
variable. 


NOTE: 
A maximum 
is specified 
that is the most positive 
value 
of low-level 
input 
voltage 
for which 
operation 
of the 
logic element within 
specification 
limits is guaranteed. 


Low-level 
output voltage, VOL 


The voltage 
at an output 
terminal 
with 
input conditions 
applied 


that will 
establish 
a low level at the output. 
The actual 
input 


conditions 
needed 
are determined 
by the 
individual 
product 
specification. 


Negative-going 
threshold voltage VT _ 


The voltage 
level at an input that causes a transition 
as the input 


voltage 
falls 
from 
a level above 
the 
positive-going 
threshold 


voltage, 
VT+. 


Posltive-golng 
threshold 
voltage, VT+ 


The voltage 
level at an input that causes a transition 
as the input 


voltage 
rises from 
a level below 
the negative-going 
threshold 


voltage, 
VT_. 


Truth Table Explanations 


H 


L 


high 
level (steady-state) 


= low level (steady-state) 


= transition 
from 
low-to-high 
level 


= transition 
from 
high-to-low 
level 


don't 
care (any input, 
including 
transitions) 


off (high-impedance) 
state of a three-state 
output 


the level of steady-state 
inputs 
at inputs 
A through 
H 


respectively 


level 
of ° before 
the 
indicated 
steady-state 
input 


conditions 
were established 


00 
= complement 
of 00 
or level of a before 
the indicated 


steady-state 
input 
conditions 
were established 


On 
level 
of ° before 
the 
most 
recent 
active 
transition 


indicated 
by I or I 


If, in the input 
columns, 
a row contains 
only the symbols 
H, L, 


and/or 
X, this means the indicated 
output 
is valid whenever 
the 


input configuration 
is achieved 
and regardless 
of the sequence 


in which 
it is achieved. 
The output 
persists 
as long as the input 
configuration 
is maintained. 


If, in the input 
columns, 
a row contains 
H, L, and/or 
X together 


with I and/or 
I, this means the output 
is valid whenever 
the input 
configuration 
is achieved 
and 
the 
indicated 
transition 
has 
occured 
(the transition(s) 
must occur following 
the achievement 
of the steady-state 
levels). 
If the output 
is shown 
as a level (H, L, 


00, or 00), it persists 
as long 
as the steady-state 
input 
levels 
and the 
levels 
that 
terminate 
indicated 
transitions 
are main- 
tained. 
Unless 
otherwise 
indicated, 
input 
transitions 
in the 
opposite 
direction 
to those shown 
have no effect 
at the output. 
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• 10 ns maximum 
propagation 
delay 


• 8 ns maximum 
delay 
from 
clock 
input 
to data output 


• fMAX 
= 55.5 MHz 


• Advanced 
oxide-isolated 
technology 


• 
Programmable 
replacement 
for TTL logic 


• 
Reduces 
chip 
count 
by greater 
than 4:1 


• 
Instant 
prototyping 
and easier 
board 
layout 


• 
Programmable 
on standard 
programmers 


• 
Programmable 
three-state 
outputs 


• 
Security 
fuse prevents 
duplication 


• 20-pln 
DIP and PLCC 
packages 


Description 


The PAL200 
Series provides 
the highest 
speed available 
for TTL 
PAL devices. 
The 10 ns maximum 
propagation 
delay 
is a 33% 
speed 
improvement 
over 
the 
208 
Series 
from 
Monolithic 
Memories, 
at no increase 
in power consumption. 
The 200 Series 


is functionally 
compatible 
with the earlier 20, 20A and 208 Series. 


The 
PAL200 
Series 
utilizes 
Monolithic 
Memories' 
advanced 


oxide-isolated 
process 
and 
proven 
TiW fuse 
link 
technology. 


Areas of Application 


• 
Control 
logic 
for mainframe 
and super-minicomputers 


• 
Computer-aided 
graphics 


• 
High-performance 
communication 
equipment 


• 
High-speed 
test instruments 


Features 


The 
PAL20D 
Series 
includes 
the 
four 
standard 
20-pin 
PAL 


device 
architectures. 
All four devices 
have sixteen 
array 
inputs 
and eight outputs, 
with varying 
numbers 
of registers: 
zero (16L8), 


four 
(16R4), 
six 
(16R6), 
and 
eight 
(16R8). 
The 
combinatorial 


outputs 
on the registered 
devices, 
and six of the outputs 
on the 


16L8, are 1/0 pins that can be individually 
programmed 
as inputs 
or outputs. 
Each output 
register, 
a Ootype flip-flop, 
also feeds 
back 
into 
the array, 
for 
implementation 
of synchronous 
state 


machine 
designs. 
Registered 
outputs 
are enabled 
by an external 
input, 
while 
the combinatorial 
outputs 
use a product 
term 
to 
control 
the enable 
function. 


These 
features 
allow 
a great 
deal 
of flexibility 
for the design 
engineer 
when using the devices. The four different 
devices offer 


an optimized 
number 
of registers, 
while 
the number 
of inputs 
and combinatorial 
outputs 
can be balanced 
for the particular 


application. 
All of these features 
are automatically 
handled 
by 


the 
CAD 
software 
used 
to 
describe 
the 
design. 
Monolithic 


Memories' 
PALASM@2 
software 
and third-party 
CAD 
tools 
all 


offer full support 
for these products. 


TWX: 910-338-2376 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
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PAL16 R 8DeN STD 


AAo~~.m'TJJ 
1 LAAOC~'"' 
ARRAY LOGIC 
STD 
= Standard 


FAMILY 
XXXX = HI-Rei 


NUMBER OF 
PACKAGE 


ARRAY INPUTS 
N 
= Plastic DIP 
J 
= Ceramic DIP 


OUTPUT TYPE 
NL = Molded chip carrier 


R = Registered 
L = Active Low 
TEMPERATURE 
RANGE 
C = DOCto +75°C 
M = -55° C to +125° C 


fMAX Parameters 


The parameter 
fMAX 
is the maximum 
speed 
at which 
the PAL 


device 
is guaranteed 
to operate. 
Because 
flexibility 
inherent 
to 


PAL devices 
allows 
a choice 
of clocked 
flip-flop 
designs, 
for the 


convenience 
of the user, fMAX 
is specified 
to address 
two major 


classes 
of synchronous 
designs. 


The simplest 
type of synchronous 
design 
can be described 
as a 


'lata path application. 
In this case, data is presented 
to the data 


terminal 
of the flip-flop 
and 
clocked 
through; 
no feedback 
is 


employed 
(Figure 
1). Under 
these conditions, 
the frequency 
of 


Programming 


The 
PAl20D 
Series 
is programmable 
on 
the 
same 
standard 


programmers 
as the 
rest of the 
2Q-pin 
PAL device 
products. 


No upgrades 
are necessary. 
The configuration 
required 
is the 


same as that for the standard 
20, 20A, and 20B Series. 


Logic Development Software 


The following 
logic development 
software 
packages 
can be used 


for configuring 
the PAL20D 
Series: 


PAlASM®, 
from 
Monolithic 
Memories 


ABEL'·, 
from 
Data I/O Corporation 


CUPl'·, 
from 
Assisted 
Technology, 
Inc. 


operation 
is limited 
by the greater 
of the data setup time (tsu) or 
the minimum 
clock 
period 
(tw high + tw low). This parameter 
is 


designated 
fMAX 
(no feedback). 


For synchronous 
sequential 
designs, 
Le., state machines, 
where 


logical 
feedback 
is required, 
inputs 
to flip-flop 
data terminals 


originate 
from 
the device 
input 
pins or flip-flop 
outputs 
via the 


internal feedback 
paths (Figure 2). Under these conditions, 
fMAX 


is defined 
as the reciprocal 
of (tsu + tClK) 
and is designated 


fMAX 
(feedback). 
For the PAL20D 
Series, 
this value calculates 


as 1/(10+8) 
: 55.5 MHz. 


~ 


h-yo 
- 


Monolithic W Memories 


Monolithicm Memories 
ZHAL™24A Series 
Zero-Power 
Hard Array Logic 


• 
CMOS 
technology 
provides 
zero standby 
power 


• 25 ns maximum 
propagation 
delay 
(20L8, 2OR4, 20R6 and 2OR8) 


• 
Low 
power 
mask-programmed 
alternative 
for 
most 
24-pin 


PAL® devices 


• 
Space-saving 
24-pln 
SKINNYDIP® 
or 28-pln 
PLCC and LCC 


packages 


• 
AIIallable 
In Commercial, 
Industrial 
and 
Military 
operating 


ranges 


Description 


The ZHAL24A 
Series is a mask-programmed, 
zero-power 
option 


to most of the 24-pin 
PAL devices. 
The ZHAL24A 
Series offers 
not 
only 
higher 
density 
than 
the 
ZHAL20 
Series, 
but 
also 
improved 
speed, 
matching 
the bipolar 
speeds 
of the Small 
24 
and Medium 
24A, 24XA and 24RS PAL device 
series. 


Design Procedures 


ZHAL 
device 
prototyping 
can 
be done 
using 
standard 
PAL 


devices 
before 
converting 
to the ZHAL 
device 
for production. 
ZHAL 
devices 
are fabricated 
by Monolithic 
Memories 
with 
a 


custom 
mask defined 
by a user-supplied 
HAL® device 
Design 
Specification. 
The ZHAL24A 
Series 
utilizes 
a unique 
architec- 
ture that can implement 
90% of the 24-pin 
PAL device 
patterns. 


To determine 
whether 
a given 
pattern 
will 
fit, run the ZHAL24 
option 
in the PALASM®2 
software 
package. 
Patterns 
that could 
not fit in the ZHAL20 
Series 
will fit in the 2Q-pin option 
of the 
ZHAL24A 
Series. 


ZHAL24A 
Device Options 


(continued 
on back) 


20L8 
20R4 


Areas of Application 


• 
Portable 
computers 


• 
Battery-operated 
Instrumentation 


• 
Low-power 
Industrial 
or military 
equipment 


• Standard 
CMOSITTL 
logic 
replacement 


• 
CMOS 
gate array alternative 
Preliminary 
Data 


(Commercial 
operating 
conditions, 
20L8, 20R4, 20R6 and 20R8) 
(other families 
may differ) 


tpD = 25 ns 
tCLK 
= 15 ns 
tsu = 25 ns 
fMAX = 28.5 MHz 


VOH = 3.76 V at IOH = -6 mA (HCT 
compatible) 


VOL = 0.4 V at IOL= 8 mA 
ICC (standby) 
= 1oo!J.A 
ICC (operating) 
= 5 mA at 1 MHz (+ 3 mA per additional 
1 MHz) 


Ordering 
Information 
ZHAL20L8 A C NS STD P01234 


ZERO_POW~~ 
r=~RNNUMBER 
HARD 
ARRAY 
lOGIC 


PROCESSING 


NUMBER 
OF ARRAY 
STD 
= Standard 


INPUTS 
XXXX = Hi-Rei 


OUTPUT 
TYPE 
PACKAGE 


L 
= Activelow 
NS = ptastic 
C 
= Complementary 
SKINNYDIP 
R 
= Registered 
JS 
= Ceramic 
X 
= XOR Registered 
SKINNYOIP 
S 
= Shared Terms 
Nl 
= Plastic 
Leaded 
RS = Registered 
Chip C8rr~r 
Shared Terms 
L 
= leadless 


Chip Carrier 


NUMBER 
OF OUTPUTS 


SPEED 
Blank 
= Standard 
A 
~ High 
Speed 


L- 
'TEMPERATURE 
RANGE 


C = Commercial 
(O"C to 7S"C) 


I 
= Industrial 
(-40"C 
to SS"C) 


M = Military 
(-55°C 
to 125°C) 


PAL", HAL 'lit, SKINNYDIPl' 
and PALASMII1)are registered 
trademarks 
of Monolithic 
Memories. 


ZHAL'· is a trademark of Monolithic 
Memories. 
TWX: 
910-338-2376 


2175 Mission 
College 
Blvd. Santa 
Clara, 
CA 95054-1592 
Tel: (408) 970-9700 
TWX: 
910-338-2374 
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Features/Benefits 


• 20 logic Inputs; 12 external, 8 feedback 


• 8 outputs 


• Programmable output polarity 


• ECl technology for ultra-high speed 


• 32 product terms with term sharing 


• 10KH ECl compatible 


• 50ntermination drive 


• Input pull-down resistors 


• Voltage compensated 


• 24-pln SKINNYDIPI!!>package 


• Programmable using standard TTl programmers 


Description 


The PAL10H20PBisa 10KHcompatible ECl PALl!!>device having 
twelve dedicated 
inputs and eigt:lt outputs 
with feedback. 


A programmable AND array and a fixed OR array make possible 
a wide variety of logic functions. 


Device functionality can be specified using standard sum-of- 
products expressions. logic development software isthen used 
to transform the Boolean equations into a fuse map for use in 
programming the device. 


Each output has a polarity fuse. Programmable polarity allows 
the user to optimize 
his design equations 
without 
using 


DeMorgan's theorem to give the correct output polarity. This can 
simplify the design and save product terms. 


The programmable AND array contains a total of thirty-two 
product terms. Product terms are arranged in groups of eight. 
The terms in each group can be shared mutually exclusively 
between two output cells. 


Device Programmer Support 


The PAL10H20PB can be programmed using the following 
systems: 


Data I/O logicPak'· 
V04, PIT Adapter 303A-ECl 


Family Pinout Code 22-42 
Kontron EPP-60, Family Pinout Code 22-42 


Logic Development Software Support 


The following 
logic development software packages can be 


used for configuring the PAL10H20PB: 


PALASMI!!l2,Ver. 2.19,from Monolithic Memories, Inc. 


ABEL'·, Ver. 2.0,from Data I/O Corp. 


Preliminary Data 


6.0 ns propagation delay 


210 mA maximum lEE current 


Areas of Application 


High-performance communication equipment 


Glue logic joining ECl gate arrays 


High-speed test instruments 


Control logic for mainframe and super-mini computers 


Computer-aided graphics 


PALe, SKINNYDIP8 
and PALASMe 
are registered 
trademarks 
of Monolithic 
Memories. 
LogicPak~ and ABEL'· are trademarks of Data 110 Corp. 
TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1 592 Tel: (408) 970-9700 
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circuits to be used for direct replacement of discrete CMOS as 
well as TTL logic. 


• CMOS technology provides zero standby power 


• Lowest power 24-pln PAL® device family; consumes 


only 3 mAlMHz 


• 35 ns maximum propagation delay 


• Programmable replacement for CMOSITTL logic 


• Reduces chip count by greater than six to one 


• Instant prototyplng and easier board layout 


• HC/HCT compatible for use In CMOS or TTL systems 


• Offered over both the Commercial and Industrial 


temperature ranges 


• Low-cost, one-lime programmable SKINNYDIP® and 


PLCC packages save board space 
Description 


The CMOS ZPAL24 Series offers the first family of PALdevices 
with true CMOS power consumption. Under standby conditions 
(inputs and clock not changing), the devices consume a maxi- 
mum current of 100JJ.A,lessthan 1%that of the quarter-power 
PAL devices. This low power consumption allows the devices to 
be powered by a battery almost indefinitely. 


While operating, the devices consume additional power only 
when the inputs or clock change. Power consumption isdirectly 
proportional to the frequency of changes to the inputs. ICC is 
therefore specified as 3 mA per 1 MHz of operating frequency, 
starting from 5mA at 1MHz.Thus, the maximum current at8 MHz 
would be 5 mA + 7x3 mA, or 26 mA. 


The devices have HC and HCT compatible inputs and outputs 
for use in CMOS and TTL systems. This feature allows the ZPAL 
Pin Configurations 


ZPAL20L8 
ZPAL20R8 


Areas of Application 


• Portable computers 


• Battery-operated instrumentation 


• Low-power industrial equipment 


• Standard CMOSffiL 
logic replacement 


Features 


The CMOS ZPAL24 Series includes the four standard 24-pin 
PAL device architectures. All four devices have twenty array 
inputs and eight outputs, with varying numbers of registers: zero 
(20L8),four (20R4),six (20R6), and eight (20R8).The combina- 
torial outputs on the registered devices,and six of the outputs on 
the 20L8, are I/O pins that can be individually programmed as 
inputs or outputs. Each output register, a D-type flip-flop, also 
feeds back into the array, for implementation of synchronous 
state machine designs. Registered outputs are enabled by an 
external input, while the combinatorial outputs use a product 
term to control the enable function. 


The basic PALdevice architecture isa programmable AND array 
feeding a fixed OR array. The programmable AND array consists 
of a set of cells similar to those used in EPROMs.Erasable by UV 
light, the cells can be programmed and erased in the factory to 
ensure 100%programming and functional yields. 


Windowed packages wi IIbe made available in the future, allow- 
ing erasure in the field. Windowed packages allow easy proto- 
type testing and reconfiguration. 


PALe, 
PALASM~ 
and SKINNYDlpe 
are registered 
trademarks 
of Monolithic 
Memories. 


ZPAL'· 
is a trademark 
of Monolithic 
Memories. 
ABEL'· 
is a trademark 
of Data I/O Corporation. 
CUPL'· 
is a trademark 
of Assisted 
Technology. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
Monolithic ~T!n 
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ZPAL20L8 I NS STD 


ZPAL=~] 
LPROCESSING 
Z.ro-power 
STD =Standard 
Programmable 
XXXX= HI-Rei 
Array Logic 
PACKAGE 
NUMBEROFINPUTS 
NS = P1asUcSKINNYDIP 
JS = CeramicSKINNYDIP 
OUTPUTTYPE 
as =WindowedSKINNYDIP 
L =ActiveLow 
NL = PlasticLeadedChip Corrter 
R =Registered 
L 
= Leedle•• Chip Corrler 


L- 
OPERATINGCONDITIONS 
C =O·Cto 7S·C 
I 
=-4Q·C to SS·C 
M =-SS·C to 12S·C 


The ZPAL24 
Series 
is programmable 
using 
the same standard 
programmers 
used for other 
PAL devices. 
The CMOS 
program- 
ming algorithm 
is different 
from that for the bipolar 
PAL devices, 
ind 
requires 
a different 
family 
code. 


The following 
logic development 
software 
packages 
can be used 
for configuring 
the ZPAL24 
Series: 


PALASM®2, 
from 
Monolithic 
Memories 


ABEL'·, 
from 
Data I/O Corporation 


CUPL'·, 
from 
Assisted 
Technology 


INPUT 
I/O 
INPUT 
REG 
AND 
OUTPUT 
I/O 
AND 
OUTPUT 
REG 
OR 
OR 
LOGIC 
CELLS 
LOGIC 
CELLS 


ARRAY 
I/O 
ARRAY 
REG 


REG 


I 
Patent 
Pending 


/ / / / / / / / / / / / / //////////////////////////////I/ADVANCE 
INFORMATION 


• User-programmable 
synchronous 
state machine 


• 25 MHz maximum 
freque"cy 
for c0MP8tlblllty 
with 


12.5 MHz processors 


• 14 Input. 
(8 external), 
8 outputs, 
128 states 


• 
PALl!!>array 
optimizes 
product 
terms 
and states 


• 
Internal 
feedback 
adds versatility 
and control 


• 
Optimized 
for four-way 
branching 


• 
User-selectable 
asynchronous 
Initialize 
or asynchronous 


enable 
function 


• 
Power-up 
reset for start-up 
In known 
state 


• 
Dlagnostics-On-Chip·· 
shadow 
register 
eases chip 
and 


board-level 
testing 


• PROSE 
device 
software 
makes 
It easy to "write 
your 


sequencer 
In PROSE" 


• 
Programmed 
on standard 
logic 
programmers 


• Security 
fuse prevents 
pattern 
duplication 


• Space-saving 
24-pln 
300-mll 
SKINNYDIPI!!> 
and 28-pln 


PLCC 
and LCC packages 


Description 


The PMS14R21 
programmable 
sequencer 
is the first member 
of 


the PROSE (PROgrammable 
SEquencer) 
family. The PMS14R21 


is a high-speed, 
14-input, 
8-output 
state machine. 
It consists 
of a 


128x21 
PROM 
array 
preceded 
by a 14H2 PAL array. 
The PAL 
array is efficient 
for a large number 
of input conditions, 
while the 


PROM array 
is optimal 
for a large number 
of product 
terms and 


states. 
The combination 
allows 
a very efficient 
state 
machine 


with a large number 
of inputs 
and state bits. The PAL array, with 


eight product 
terms per output, 
operates 
on the eight conditional 


and six state inputs 
to select two control 
bits to the PROM. 
Two 


Exclusive-OR 
gates 
between 
the two 
arrays 
help 
to minimize 


product 
terms 
and redundant 
states. 
Five lines feed back from 


the PROM 
to form 
the primary 
address 
for the next state. The 


PROM 
stores 
up to 
128 states 
of eight 
outputs 
and 
thirteen 


feedback 
control 
signals. 


Applications 


• 
High speed sequential 
logic 


• 
Peripheral 
controller 


• 
Cache 
control 
sequencer 


• 
Signal 
processing 
sequencer 


• 
Industrial 
control 


10 
QO 


11 
Q1 


12 
Q2 


13 
PAL" 
Q3 


14 
ARRAY 


Q4 
(14H2) 
15 
PROM 
21 
0 
21 
Q5 


16 
ARRAY 
0 
Q6 
(128.21) 
C 


17 
Q7 


Definition 
of Signals 


10-17 
Primary 
inputs 
to the PAL array 


QO-Q7 
Outputs 
from 
the register 
liE' 
Programmable 
asynchronous 
initialize {ij 
or asynchronous 
enable (El 


ABEL'" is a trademark of Data I/O Corporation. 


ClK 
DClK 
MODE 
SOl 
SDO 


Clock 
for output 
register 
Clock 
for diagnostic 
register 
Selects 
diagnostic 
functions 
Serial data input 
to shadow 
register 


Serial data output 
from 
shadow 
register 


PALlSI,SKINNYDlpe and PALASM~ are registered 
trademarks 
of Monolithic Memories. 
PROSE'·, Diagnostics-On-Chip'· 
and DOC'· are trademarks 
of Monolithic 
Memories. 
TWX: 
910.338.2376 
2175 Mission 
College 
Blvd. 
Santa 
Clara, 
CA 95054·1592 
Tel: (408) 970·9700 
TWX: 
910·338·2374 
Monolithic ~T!n 
Memories 
Il1JlW 
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PROSE Part Numbering 
System 


PMS14R21 A C NS STD 


PREFIX~ 
LPROCESSING 


PMS = Programmable 
STO 
= Standard 


Memory-based 
XXXX = Hi-Rei 


sequencer 


PACKAGE 


I'\UMBER OF 
NS = Plastic SKINNYDIP 


ARRAY INPUTS 
JS = Ceramic SKINNYDIP 


NL 
= Plastic 
leaded 


OUTPUT TYPE 
Chip Carrier 


R = Registered 
l 
= Leadless 
Chip Carrier 


NUMBEROF REGISTERS 


P~RFORMANCE 
Blank 
= standard 


A 
= enhanced 


OPERATING CONDITIONS 
C = DOC to 75°C 
M = -55°C 
to 125°C 


Diagnostics-On-Chip 
Feature 


The PMS14R21 
is the newest 
member 
of the Oiagnostics-On- 


Chip family. 
These devices 
incorporate 
a serial shadow 
register 


on-ehip 
which 
facilitates 
board-level 
testing. 
The shadow 
regis- 
tEir has a Serial 
Data Input 
(SOl), Serial Data Output 
(SOO) and 


its 
own 
clock 
(OCLK). 
The 
MODE 
control 
configures 
the 


shadow 
register 
either 
in parallel 
with the output 
register 
or in 


serial 
shift 
mode 
(see function 
table). 
Other 
devices 
with 
this 


feature 
are listed below. 


IPART NUMBER 
DESCRIPTION 


53/630A441 
1Kx4 PROM 
(async. 
enables) 


53/630A442 
1Kx4 PROM 
(async.lsync. 
enables) 


53/630A841 
2Kx4 
PROM 


53/6301641 
4Kx4 
PROM 
(async. 
enable) 


I 


4Kx4 
PROM 
(async. 
initialization) 
53/630Al643 


54fi45818 
8-bit 
register 


Software 
Support 


PROSE device software 
from 
Monolithic 
Memories 
provides 
full 


support 
for the PMS14R21. 
Based on PALASM® 
2 syntax. 
the 


software 
automatically 
converts 
a state 
machine 
description 


directly 
into the PAL and PROM array fuse maps, for download- 


ing 
to a programmer. 
The 
syntax 
supports 
both 
Mealy 
and 


Moore 
state 
machine 
models. 
and 
makes 
optimal 
use of the 


features 
of the PROSE 
device. 
Simulation 
support 
is also pro- 


vided, 
both for design 
checking 
and for generation 
of test vec- 
tors for device testing. 
Additional 
support 
is available 
from third- 


party 
software 
vendors. 
including 
the 
ABEV" 
package 
from 


Data I/O. 


Programming 


Both the PAL and PROM arrays 
are programmed 
on standard 


logic programmers 
using the JEOEC 
programming 
format. 
The 


TiW fuses program 
from the lowto 
the high state. Programming 
also sets the architectural 
fuse which 
selects 
between 
asynch- 


ronous 
initialize 
or asynchronous 
output 
enable; 
the 
unpro- 


grammed 
state is initialize. 
If asynchronous 
initialize 
is selected. 


asserting 
the pin low will set all outputs 
and feedback 
bits high. 


Power-up 
Reset 


Power-up 
reset is provided 
for system 
start-up 
in a known 
state. 


It has the same effect 
as initialization; 
all output 
register 
bits 


go high. 


INPUTS 
OUTPUTS 
OPERATION 
MODE 
SOl 
ClK 
DClK 
°20-°0 
S20-S0 
SDO 


L 
X 
t 
* 
an 
- 
PROM 
HOLD 
S20 
Load 
output 
register 
from 
PROM 
array 


L 
X 
* 
t 
HOLD 


Sn - 
Sn-1 
S20 
Shift 
shadow 
register 
data 


So - 
SOl 


L 
X 
t 
t 
an 
- 
PROM 
Sn - 
Sn-1 
S20 
Load 
output 
register 
from 
PROM 
array 


SO- 
SOl 
while 
shifting 
shadow 
register 
data 


H 
X 
t 
* 
an 
- 
Sn 
HOLD 
SOl 
Load 
output 
register 
from 
shadow 
register 


H 
L 
* 
t 
HOLD 
Sn - 
an 
SOl 
Load 
shadow 
register 
from 
output 
bus 


and feedback 


H 
H 
* 
t 
HOLD 
HOLD 
SOl 
t No 
operation 


* Clock must be steady or falling. 
t Reserved 
operation 
for 54/74$818 
8-Bit 
Diagnostic 
Register. 


Monolithic W Memories 
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High Speed Programmable 
Array Logic 


PAL32VX10 
PAL32VX10A 


• 10 input/output 
macrocells 


• Programmable registered or combinatorial outputs 


• Dual independent feedback paths allow 1/0 with 


combinatorial or feedback register outputs 


• Programmable flip-flops allow J-K, S-R, T or 0 types 


• Programmable output polarity 


• Register set and register reset can be asynchronous or 


synchronous 


• Automatic register preset on power up 


• Varied product term distribution 


• Up to 16 product terms per output 


• Pin compatible functional superset of 22V10 


• Maximum propagation delay 
• 25 ns "A" 
.35 
ns"STD" 


• 24-pin 3OO-mll-wide SKINNYDIP® package or 28-pln chip 


carriers save space 


General Description 


The 
PAL32VX10 
is a high-density 
Programmable 
Array 
Logic 
device 
which 
implements 
the familiar 
sum of products 
transfer 
function 
via a user-programmable 
AND 
array 
and a fixed 
OR 


array. 
Featured 
are ten highly 
flexible 
input/output 
macrocells 
which 
are 
user 
configurable 
for 
combinatorial 
or 
registered 
operation. 
Each flip-flop 
is also programmable 
to be either 
J-K, 
S-R, T, or D-types 
for optimal 
design of state machines 
and other 
synchronous 
logic. 
In addition, 
a unique 
dual feedback 
architec- 
ture allows 
1/0 capability 
for each macrocell 
in both combina- 
torial or registered 
configurations, 
even when 
register 
feedback 
is present, 
and allows 
implementation 
of buried 
registers 
while 
preserving 
the macro 
input 
function. 
Supplied 
in space-saving 
3DO-mil-wide 
dual in-line 
packages 
or 28-pin 
chip 
carriers, 
the 
PAL32VX10 
offers 
a 
powerful, 
space-saving 
alternative 
to 
SSIIMSllogic 
devices, 
while 
providing 
the advantage 
of instant 
prototyping 
over other 
semicustom 
approaches. 


The 
PAL32VX10 
is 
fabricated 
in 
Monolithic 
Memories' 
advanced, 
oxide 
isolated 
bipolar 
process 
for high speed and low 
power. 
TiW fuse links provide 
high reliability 
and programming 
yields. 
Special 
on-ehip 
test 
circuits 
allow 
full 
AC, 
DC, 
and 
functional 
testing 
before 
programming. 
Preloadable 
output 
registers 
facilitate 
functional 
testing. 


The PAL32VX10 
can be programmed 
on standard 
PAL@ device 
programmers, 
fitted 
with 
appropriate 
programming 
modules 
and configuration 
software. 
Design 
development 
is supported 
by 
Monolithic 
Memories' 
PALASM@2 
software 
as well 
as by 
other 
programmable 
logic 
CAD tools available 
from third-party 
vendors. 


PAl~. PALASM3 and SKINNYDlpe 
are registered trademarks of Monolithic 
Memories. 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 970-9700 TWX: 910-338-2374 
Monolithic ~~n 
Memories 
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PAL32VX10 macrocell 
are shown 
in the diagram 
below. 
Significant features of the macrocell are: 


Dual Feedback Paths. Each macrocell has two completely 
independent feedback paths associated with each macrocell. 
One feeds back into the array from the macrocell output pin. 
The second feeds back into the array from the flip-flop output. 
This architecture provides I/O capability for both combinatorial 
and registered outputs, even when register feedback is needed. 
In addition, it allows registers to be loaded directly from outputs, 
and provides the capability for buried registers, while permitting 
use of the macrocell pin as an input. 


Programmable Flip-Flops. Each macro has an XOR gate which 
provides the capability of emulating the operation of J-K, S-R,T, 
or D flip-flops. When J-K or S-R flip-flops are implemented, the 


where (m+n) is the total number of product terms found in each 
macrocell. 


Varied Product 
Term Distribution. 
The PAL32VX10 has a 
different number of product terms for each pair of macrocells. 
There aretwo macrOileach with 8, 10,12,14,or 16product terms, 
to allow optimal use of the availabkl product term resources. 


Other Featurea: 


• Macrocells programmable as registered or combinatorial 


• Programmable output polarity 


• Preset and reset can be synchronous or asynchronous 


Monolithic IFJJ) Memories 


Monolithic W Memories 


PLE5P16 
REVISED 


PLE6P16 
Programmable 
Logic Element Family 


Features/ 
Benefits 


• Programmable 
replacement 
for conventional 
TTL logic 


• Reduces 
IC inventories 
and simplllies 
their 
control 


• Expedites 
and simplifies 
proto typing 
and board 
layout 


• Saves space with 
24-pin 
0.3 inch 
SKINNYDI~ 
packages 


and 2S-pin 
Plastic 
Leaded 
Chip 
Carriers 
(PLCC) 


• Programmed 
on standard 
PROM 
programmers 


• Reliable 
TIW fuses guarantee 
>99% programming 
yields 


• Test and simulation 
made simple 
with 
PLEASM'" 
software 


• Proposed 
JEDEC 
standard 
pinout 


• Revised 
pinout 
with 
center 
VCC and GND 
for higher 


noise 
immunity 


Description 
.' 


The PLE5P16 
and PLE6P16 
are the two newest 
members 
of the 
Programmable 
Logic 
Element 
(PLF") 
Family. A PLE device has 


a programmable 
OR-array, 
preceded 
by a fixed 
AND-array. 
This 
provides 
unlimited 
product 
terms 
and 
programmable 
polarity 
for each 
output, 
while 
maintaining 
the 
high 
speeds 
necessary 
for logic applications. 
The PLE Family complements 
the 
PAL® 
(programmable 
Array 
Logic) 
Family, 
which 
has 
programmability 
in the opposite 
array. 


The PLE5P16 
has five inputs, 
sixteen 
outputs, 
and thirty-two 


product 
terms 
per output. 
The PLE6P16 
has six inputs, 
sixteen 


Typical 
Applications 


• Address 
decoding 


• Random 
logic 
replacement 


• Code converters 


• 
Look-up 
tables (both 
trigonometric 
and arithmetic) 


• Data scaling 


PLE5P16 
PLE6P16 


PARAMETER 
STANDARD 
STANDARD 


tpD(ns) 
15 
15 


Ice (mA) 
180 
190 


outputs, 
and sixty-four 
product 
terms 
per output. 


The devices 
feature 
low-current 
PNP inputs 
and full Schottky 
clamping; 
the PLE5P16 
has three-state 
outputs 
with an output 
enable. The fuses store a logical 
low and are programmed 
to the 
high 
state. 
Special 
on-ehip 
circuitry 
and 
extra 
fuses 
provide 
pre-programming 
testing 
which 
assures 
high 
programming 
yields 
and high 
reliability. 


PAL- and SKINNYOIP8 
are registered trademarks of Monolithic 
Memories. 


PLE'" (Programmable 
Logic Element) and PLEASM~ are Irademarka of Monolithic 
Memori... 
Jl:mfIGolJ='=m 
TWX: 910-338-2378 


2175 Miaaion Collega Blvd. Sang Clara, CA 95054-1592 
Tal: (408) 970·9700 TWX: 910·338-2374 
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PROGRAMMABJE~J 
LOGIC 
ELEMENT 


NUMBER OF INPUTS 


OUTPUT TYPE 


P 
= Non registered 
R 
= Registered 
RA = Registered 


uynchronous 
eneble 
RS = Registered 
synchronous 
enable 


NUMBER OF OUTPUTS 


PERFORMANCE 
Blenk = Standard 
A 
= Enhanced 


L 


OPTIONAL PROCESSING 
SHRP = Rellebllily 
Enhanced 
XXXX = HI-Rei 


PACKAGE 
N 
= ptesUc dip 
NS = SKINNYDIP 
plastic 


J 
= ceramic 
dip 
JS = SKINNYDIP 
ceramic 
NL = ptastlc leaded chip 
carrier 
L 
= leadless 
chip camer 


F 
= Flet pack 
W 
= cerpack 


'----TEMPERATURE 
RANGE 
C = DOC to +75°C 
M = -SS·C to +l25·C 


13 
14 
15 
1. 
17 
1. 
20 
21 
22 
23 
24 
2 
4 


01 
02 
03 
04 
05 
01 
07 
01 
01 
010 
011 
012 
013 
014 
015 
01' 


PLE8P18 


10 
1 


11 
2 
3 
12 
4 
10F14 
14.1. 


13 
5 
DECODER 
PROGRAMMABLE 
ARRAY 


14 
15 • 


1. 
17 
1. 
20 
21 
2 


02 
03 
04 
05 
01 
07 
01 
010 
012 
013 
014 
015 
01' 


MonolithicWMemorles 


MonolithicmMemories 


16-Bit 
Barrel Shifter Slice 
677530 


Features/Benefits 


• Left/Right shift and rotate to any position within 1 cycle 


• Expandable to any multiples of 16-blt paths 


• Works on sign magnitude and two's complement shift count 
Inputs 


• High speed operation: 
Data to output: 
25 ns (max) 
Shift count to output: 30 lis (max) 


• Sticky bit available for floating point rounding operation 


• Bit insert and bypass operations 


Applications 


• Mantissa adjustment for floating point addltlon/ 
subtraction and fixed point scaling In minicomputers, 
mainframes, array processors and digital signal 
processors 


• Positioning non-numeric patterns In image processing, 
word processing and symbol processing systems 


• Implement a funnel shlfter for the Bit Block Transfer 


operation in graphics 


• Implement a compression-expansion 
engine using the 


. modified Huffman coding method 


• Bit insertion for EDAC applications 


015-00l' 


_C5ER 


LEFT OR RIGHT 
DEL 


SHIFT ARRAY 
Pi 


-LID 


PART NUMBER 
PACKAGE 
TEMPERATURE 


677530 
D48 
Commercial 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
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vcc- 
GNDT- 
GNDE_ 


16x16 
BARREL SHIFTER 
ARRAY 


Description 


The 7530 
16-Bit 
Barrel 
Shifter 
Slice is designed 
to be used as a 
general-purpose 
one-cycle 
shifter 
in numerical 
processing 
and 
symbol 
processing 
systems. 
The basic slice can handle 
data in 
16-bit 
packets, 
shift 
and 
rotate 
to 
any 
desired 
number 
of 
positions 
within 
one cycle. They can also be cascaded 
together 
to form a barrel shifterfunction 
module 
with longer word length. 


Cascading 
shifter 
slices to form a functional 
module 
will not put 
additional 
delays 
into the datapath. 


TJ2e7530 can p~orm 
nine different 
operations. 
A 3-bit opcode 
(1,2-10)and 
the 
PI (Polarity 
Insertion) 
input 
determines 
which 
function 
is to be performed. 
The shift 
count 
for the device 
is 
determined 
by 
the 
4-bit 
input 
(83-S0). 
The 
entire 
shifter 
is 
combinatorial 
with 
no internal 
states. 


All data outputs 
(Y15-YO) can be tristated. 
This output 
design 
is 
crucial 
to 
the 
cascading 
architecture 
because 
outputs 
from 
different 
barrel shifterslices 
will be tied together 
in an expanded 
array. The OER, OEl 
(Output 
Enable 
RighVleft) 
and the LID 
(location 
IDentifier) 
input signals together 
determine 
the enable 
states of each individual 
output. 


The F (Fill) input 
bit provides 
the signal 
to be inserted 
into the 
outputs. 


The YS output 
(Sticky 
Bit) 
is provided 
as an open 
collector 


output. 
It is the negation 
of the logical 
OR of all the bits shifted 
out during 
the shift left or shift 
right operation. 


The Pi (Polarity/Insertion) 
input 
is used 
to complement 
the 
outputs 
for all the opcodes 
except 
when 
I= 010 when it is used to 
distinguish 
between 
Bit InserT 
and BYPass operation. 


As shown in Figure 1,the architecture of the '7530 Barrel Shifter 
Slice is centered around the internal barrelshifter array and the 
shift count decoder. The outputs of the array are fed into a mask 
generator which determines the enable states of each individual 
data outputs. These enable states are primarily determined by 
the LID (location 
IDentifier) input signal that represents the 


location of each shifter slice when they are cascaded. The 
location 
IDentifier will transform the actual operation of every 
shifter to make cascading possible. Please refer to the section 
Cascading 
Architecture 
for the Barrel Shiffer 
Slice for a detailed 


description. 


The output control circuitry consists of the polarity control, Fill 
bit insertion and Sticky Bit generation. 


Twoenable inputs, OEl and OER, provide the tristate control to 
the two portions of the output data separated by the Ieft margin 
(D15) of the original input data. 


Signal Description 


015-00: 
Inputs. 
Input data to the Barrel Shifter Slice. 


Yl5-YO: 
Outputs. 
Output data from the Barrel Shifter Slice. 


12-10: Inputs. 
A 3-bit opcode to select one of nine possible 


operations for the device. Please see Table 1 for further detail. 


53-SO: 
Inputs. 
Shift count input. Foropcodes OOXor 11X (i.e., 
121110= 0, 1, 6 or 7). S3-S0 represent the magnitude of bit 
positions shifted or rotated. Foropcodes lOX (i.e.,121110=4 or 5), 
the number of bits to be shifted or rotated is given by the two's 
complement of the five-digit number: 1283S2S1S0.Since 12= 1 
in both cases, only sixteen different bit positions (ranging from 
+1to +16)areallowed within one cycle. Forthe opcodes XOl (i.e., 
121110= 1 or 5), the shift count inputs can be considered in two 
ways: either as a rotate right two's complement 12S3S2S15O 
operation or as a rotate left 83S2S1S0 operation when 12= O. 


Pi: 
Input. 
Polarity/Insertion signal input. This signal serves 


two purposes. When the opcode is 010 (i.e., 121110=2), it is used 
to resolve between Bit InserT operation (PI = 0) and BYPass 
operation (Pi = 1). When the opcode is in some other states,Pi 
determines the output data polarity (PI = 0 for complemented 
data, Pi = 1 for uncomplemented (true) data). 


F: 
Input. 
Fill bit input. The value of this input is used to insert 


into positions left empty from shift operations, or insert into the 
designated bit positions for the Bii InserT and Fill 
operations. 


VS: 
Output. 
The inverse of the sticky bit. This is an open 


collector output signal. Functionally this signal isthe negation of 
the logical OR of the bits shifted out in the shift left/right 
operations. In the Bit Insertion operation, Ys is the negation of 
the input bit that is replaced by the Fill bit. 


LID: 
Input. 
location 
IDentifier. The input to this pin can 
either be VCC, ground, or left open. In the case when the input is 
open, there isan internal resistor network to divide this signal to 
2.5 V (VCC/2). The LID signal is used in the expansion scheme 
of the barrel shifter slices. Different barrel shifter slices can be 
cascaded in a two-dimensional array to form a barrel shifter 
module of wider path width. The LID input signal is required to 
be one of the above three states according to its position inside 
the array. 


OEL, OER: 
Inputs. 
Output enable left and output enable 


right. These two signals will separately enable the left and the 
right halvesof the output data separated by the left margin (D15) 
of the input word. 


GNOE, GNOT: 
Power supply grounds. 
GNDE is the internal 


EClcircuit 
ground and GNDT isthe internal TTlcricuit 
ground. 


These two ground signals should be routed separately in the 
system. The ECl ground is more sensitive to noise problems 
and should be bypassed with capacitive components to VCC. 


VCC: 
Power supply. 
A +5 V power supply to the internal 


circuit of the Barrel Shifter Slice. 
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OPCODE 
POLARITY/ 
OPERATION 
PERFORMED 
OUTPUT 
ALTERNATE 
OPERATION 


INSERT 
IF LID PIN IS "OPEN" 
POLARITY 
LID = 
LID = 


I 
12 
11 
10 
Pi 
MN. 
NAME 
VCC 
GND 


0 
0 
0 
0 
LSH 
Left SHift 
Complemented 
LRT 
FIL 


1 
True 


0 
0 
1 
0 
LRT 
Left RoTate 
Complemented 
LRT 
LRT 


1 
True 


0 
1 
0 
0 
BIT 
Bit InserT 
True 
HighZ 
HighZ 


1 
BYP 
BYPass 
True 
High Z 
High Z 


0 
1 
1 
0 
FIL 
FILL 
Complemented 
High Z 
High 
Z 


1 
True 
High Z 
High Z 


1 
0 
0 
0 
RSC 
Right Shift with two's- 
Complemented 
FIL 
RRC 


1 
Complement 
shift count 
True 


1 
0 
1 
0 
RRC 
Right 
Rotate with two's- 
Complemented 
RRC 
RRC 


1 
Complement 
rotate count 
True 


1 
1 
0 
0 
RSH 
Right 
SHift 
Complemented 
FIL 
RRT 


1 
True 


1 
1 
1 
0 
RRT 
Right 
RoTate 
Complemented 
RRT 
RRT 


1 
True 


This document contains information on a product under development at Monolithic Memories Inc. The information is intended to help you to evaluate this product. 
rono'ithiC 
Memories reserves the right to change or discontinue work on this proposed product without notice. 


MonolithicmMemories 


16x16 Bit CMOS Multiplier 
67C7016-35/-45/-55 
67C7017-35/-45/-55 


Features/ Benefits 


• 
16x16 parallel 
multiplier 


• 
High speed 
mUltiply 
- 
35 ns Max '7016-3517017-35 
- 
45 ns Max 7016-45/7017-45 
- 
55 ns Max '7016-55/'7017-55 


• 
Low power 
CMOS 
technology 
- 
Zero standby 
power 
- 
7 mA per MHz active 
ICC (Typical) 


• 
Mixed 
mode 
2's complement, 
unsigned 
or mixed 
operand 


• 
7017 
is optimized 
for microprocessor 
systems, 
single 
clock 
with 
register 
enables 


• 
Plug-In 
compatible 
with 
TRW MPY016H/K, 
AMD29516/A, 
29517/A 


• 
Single 
5 V supply 


• 
A1tallable In DIP or PLCC 


MSpSEl------~~ 
__ 
M_U_lT_IP_l_E_XE_R 
__ 
OEP_'$ 


PART 
SPEED 
PACKAGE 
TEMP 


NUMBER 
(TMC> 


67C7016-35 
35 ns 
J,N,NL(68) 
Com 


67C7017-35 
35 ns 
J,N,NL(68) 
Com 


67C7016-45 
45 ns 
J,N,NL(68) 
Com 


67C7017-45 
45 ns 
J,N,NL(68) 
Com 


67C7016-55 
55 ns 
J,N,NL(68) 
Com 


67C7017-55 
55 ns 
J.N,NL(68) 
Com 


MSi>sEi 
~ 


OEP 
t 


P31-P16/P1S-PO 


TWX: 910-338-2376 


2175 Mission College Blvd. Santa Clara, CA 95054-1592 
Tel: (408) 970-9700 
TWX: 910-338-2374 
Monolithic I!~II 
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.. 
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Descriptions 


The 701617017 are CMOS 
16x16 high speed parallel 
multipliers. 
Designed 
with state-of-the-art 
CMOS 
technology 
and a multi- 


plication 
scheme 
based 
on modified 
Booth's 
algorithm, 
these 


devices can achieve bipolarTTLspeed 
at a significantly 
reduced 


power level. In addition, 
the product 
is designed 
to be pin-for-pin 


replacement 
for the TRW 
MPY016H/K 
and the AMD 
29516/A, 


29517/A. 


The 
architecture 
of the 
701617017 
family 
generates 
a 32-bit 


product 
of two 
16-bil 
input 
operands. 
Two 16-bit 
registers 
are 
provided 
for 
the X and 
Y operands. 
These 
operands 
can 
be 


specified 
as either 2's complement 
or unsigned 
numbers 
through 


the XM and the YM control 
inputs. 
These two signals 
are regis- 


tered simultaneously 
at their 
respective 
operand 
clocks. 


At the output 
of the multiplier 
array a format 
adjust 
control 
(FA) 


allows 
the 
user to select 
either 
a full 
32-bit 
product 
or a left 


shifted 
31-bil 
product. 
Two 16-bit output 
registers 
are provided 


to hold the most and least significant 
halves of the result 
(MSP 


and 
LSP) 
as defined 
by 
FA. For asynchronous 
output 
these 


registers 
may be made transparent 
by taking 
the feed through 


control 
(FT) high. A round 
control 
(RND) allows the rounding 
of 


the MSP This control 
is registered, 
and is entered 
at the rising 


edge olthe 
logical 
OR of both CLKX and CLKY for the 7016 and 


is enabled 
by a LOW signal 
in either 
ENX or ENY in the 7017. the 


two halves of the product 
may be routed 
to a 16-bil three-state 


output 
port 
(P) via a multiplexer. 
In addition 
the 
LSP is con- 


nected 
to the V-input 
port through 
a separate 
three-state 
buffer 


so that a 32-bit 
product 
can be available 
simultaneously. 


In the 7016, the X, Y, MSP and LSP registers 
have independent 


clocks 
(CLKX, 
CCLKY, 
CLKM, 
CLKL). 
The output 
multiplexer 


control 
(MSPSEL) 
uses a pin which 
is a supply 
ground 
in the 


TRW MPY16H. 
When this control 
is LOW the function 
is that of 


the MPY16H, 
thus allowing 
full compatibility. 


The 7017 
differs 
in that 
it has a single 
clock 
input 
(CLK) 
and 


three 
register 
enables 
(ENX, ENY, ENP) for the two input 
regis- 


ters and the entire 
product. 
This facilitates 
the use of the part in 


microprocessor 
systems. 
In both 
parts data is entered 
into the 


registers 
on the positive 
edge of the clock. 


The 7016/7017 
family 
has a wide variety 
of applications 
in high 


performance 
computers 
and digital 
signal 
processing. 
In com- 


puter 
applications 
this 
multiplier 
can 
be 
used 
to 
construct 


numerical 
processing 
functional 
units 
(e.g., array 
processors, 
matrix processors, 
floating 
point multiplier/dividersetc.). 
In digital 


signal processing 
the multiplier 
can be used to construct 
special 


algorithm 
engines 
for 
applications 
like 
digital 
filtering, 
FFT, 
speech 
recognition 
and synthesis, 
adaptive 
controls 
and image 


processing. 


Signal Description 


Input/Output 
data 


X15-XO: 
16 bit data inputs. 


Y15-YO: 
16 bit data inputs. 
These inputs are multiplexed 
with 
the least significant 
product 
(LSP) outputs. 


P15-PO: 
The least significant 
product 
(LSP) outputs. 
These 
signals 
are multiplexed 
with 
the Y data inputs. 
The' 
product 
term 
is available 
when 
OEL is low. Alterna- 
tively, 
these outputs 
can be accessed 
from the MSP 
output 
port when 
MSPSEL 
is high. 


P31-P16: 
The most significant 
product 
(MSP) outputs 


Input Clocks 
(67C7016 
only) 


CLKX: 
The 
rising 
edge 
of this 
clock 
loads 
the 
input 
data 
(X15-XO) and the associated 
mode control 
signal XM 


into the input register. 


CLKY: 
The 
rising 
edge 
of this 
clock 
loads 
the 
input 
data 


(Y15-YO) and the associated 
mode control 
signal YM 


into the input 
register 
CLKM: 
The rising 
edge of this clock 
loads 
the most signifi- 
cant product 
(MSP) output 
register. 


CLKL: 
The rising 
edge of this clock 
loads the least signifi- 
cant product 
(LSP) output 
register. 


Input Clocks 
(67C7017 
only) 


CLK: 
The rising 
edge of this clock 
loads all input/output 


registers. 
ENX: 
Clock 
enable for the X15-XO input 
register, 
XM input 


register 
and the round 
register. 


00: 
Clock 
enable for the Y15- YO input 
register, 
YM input 
register 
and the round 
register. 


ENP: 
Clock 
enable for the most significant 
product 
(MSP) 


and least significant 
product 
(LSP) register. 


Control 
Signals 
XM, YM: 
Mode control 
signals 
for the input 
data word. 
A low 


input 
indicates 
unsigned 
data 
format 
and 
a high 


input 
represents 
2's complement 
data format. 


FA: 
Format 
Adjust. 
When this input 
is high, a full 32-bit 


product 
is produced 
in MSP and LSP registers. 
When 


this input 
is low, the sign bit will appear 
in the most 


significant 
bit of both the MSP and the LSP In such 
cases only a 31-bit product 
is provided. 
The FA input 


is required 
to be a high when either 
integer 
unsigned 


magnitude 
or mixed mode formats 
are used. (See the 


DATA FORMATS 
section 
for further 
detail.) 


FT: 
Flow-through. 
When this input is high, both the MSP 


register 
and the LSP register 
are transparent. 


OEL: 
Three-state 
enable 
signal 
for 
routing 
LSP 
to 
the 
YILSP 
I/O ports. 


5E'P: 
Three-state 
enable 
signal 
for 
the 
product 
output 


port. 
RND: 
Round control 
signal for the most significant 
product 


(MSP). When this input is high, a one will be added to 
the most significant 
bit of the least significant 
pro- 


duct 
(LSP). This rounding 
operation 
is done 
before 


the output 
is sent to the format 
adjust 
clock. 
As a 


result, the location 
of this round 
bit in the final 
pro- 


duct 
depends 
on 
the 
FA input. 
When 
FA = 0, the 


round 
bit is added 
to location 
P14; when 
FA = 1, the 


round 
bit is added to location 
P15. The RND input is 


registered 
althe 
rising edge of the logical 
OR of both 


the CLKX and CLKY 
In the single clock 
architecture, 


the RND register 
is enabled 
when either the X regis- 


ter or the Y register 
is enabled. 


MSPm: 
When the MSPSEL 
input is low, the MSP is available 


for the output 
port. When this input is high, the LSP is 


available 
at the output 
port. 
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16·BitCMOS 
Multiplier Slice 
67C7555 
67C7556 


• Twos-complement, 
unsigned, 
or mixed 
operands 


• 
Full 32-bit 
product 
immediately 
available 
on each cycle 


• 
High-speed 
16x16 parallel 
mUltiplier 


• 
Latched 
or registered 
inputs/outputs 


• Three-state 
output 
controls, 
independent 
for each half of 


the product 


• 
Single 
+5 V supply 
(via multiple 
pins) 


• 
Zero standby 
power 
CMOS 
technology 


• 
A1tallable in 84-termlnal 
Leadless-Chip 
Carrier 
and 
88-Pin-Grid-Array 
packages 
Description 


The 
'C7555 
and 
'C7556 
are 
high-speed 
16x16 
combinatorial 


multipliers 
which 
can 
multiply 
two 
16-bil 
unsigned 
or signed 
twos-eomplement 
numbers 
on every 
cycle. 
Each 
operand 
X 
and 
Y has 
an 
associated 
mode-eontrol 
line, 
XM 
and 
YM 


respectively. 
When a mode-eontrolline 
is at a LOW logic 
level, 


the operand 
is treated 
as an unsigned 
16-bil 
number; 
when the 


mode-control 
line 
is at a HIGH 
logic 
level, 
the 
operand 
is 


treated 
as a 16-bit 
signed 
twos-eomplement 
number. 
Addi- 
tional 
inputs 
RS and 
RU allow 
the addition 
of a bit into 
the 


multiplier 
array 
at the appropriate 
bit positions 
for 
rounding. 


Block Diagram 
'C7555 
(Register) 


'C7556 
(Latch) 


16-BIT 
{ 
YO 


Y INPUT 
Y15 


YM 


LATCH 
ENABLE! 
GM/CM 
CLOCK 


PART NUMBER 
PACKAGE 
TEMPERATURE 


67C7555 
P88,L84 
Com 


67C7556 
P88,L84 
Com 


The 
entire 
32-bit 
double-length 
product 
is available 
at the 
outputs 
at one time . 


The most-significant 
product 
bit, 831, is available 
in both 
true 
and complemented 
form 
to simplify 
longer-word 
length 
multi- 
plications. 
The product 
outputs 
are three-state, 
controlled 
by 


assertive-low 
enables. 
The MSP outputs 
are controlled 
by the 


TRIM 
(OEM) 
control 
input, 
while 
the 
LSP outputs 
are con- 


trolled 
by the 
TRIL 
(OEL) 
control 
input. 
This 
allows 
one 
or 


more multipliers 
to be connected 
to a parallel 
bus or to be used 


in a pipelined 
system. 


All inputs 
and outputs 
have transparent 
latches 
in the 'C7556. 


The latches 
become 
transparent 
when 
the input 
to the corres- 
ponding 
gate control 
line GX, GY, GM, GL is HIGH. 
If latches 
are not required, 
these control 
inputs 
may be tied HIGH, 
leav- 


ing the multiplier 
fUlly 
transparent 
for combinatorial 
cascad- 
ing. The device 
uses a single 
+5 V power 
supply, 
and is availa- 
ble both 
in an 84-terminal 
lead less chip 
carrier 
(LCG) 
pack 
and in an 88-pin-grid-array 
package. 


LATCH 
GlUCX 
ENABLE! 
CLOCK 


SO 
} 
• 
16-BIT 


• 
LSP 


• 
515 
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Memories 
uun.u 
17·27 


SUMMARY OF SIGNALS/PINS 


X15-0 
Multiplicand 16-bit data inputs 


Y15-0 
Multiplier 16-bit data inputs 


Mode-control inputs for each data word; 
XM. YM 
LOW for unsigned data and HIGH for twos- 
complement data 


S31-o 
Product 32-bit output 


S31 
Inverted MS product bit (for expansion) 


RS. RU 
Rounding inputs for signed and unsigned 
data. respectively 


GXlCX 
Gate contro/clock for Xi. RS. RU 


GY/CY 
Gate control/clock for Yi 


GUCL 
Gate control/clock for least-significant half 
of product 


GM/CM 
Gate control/clock for most-significant half 
of product 


TRIL 
Three-state control for least-significant half 
OEL 
of product 


TRIM 
Three-state control for most-significant half 
OEM 
of p.roduct 


INPUTS 
ADDS 
USUALLY USED WITH 


RU 
RS 
215 
214 
XM 
YM 


L 
L 
No 
No 
X 
X 


L 
H 
No 
Yes 
Ht 
Ht 


H 
L 
Yes 
No 
L 
L 


H 
H 
Yes 
Yes 
• 
. 


t In mixed mode. one of these could 
be low but not both. 
* Usually 
a nonsense 
operaion. 


MODE- 


OPERATING 
INPUT DATA 
CONTROL 


MODE 
INPUTS 


X15-0 
Y15-0 
XM 
YM 


Unsigned 
Unsigned 
Unsigned 
L 
L 


Unsigned 
Twos-Comp. 
L 
H 


Mixed 
Twos-Comp. 
Unsigned 
H 
L 


Signed 
Twos-Comp. 
Twos-Comp. 
H 
H 


GND 


YO 
Yl 


Y2 
Y3 


Y4 
Y5 
Y6 


Y7 


VCC2 


VCC2 


Y8 
Y9 
Yl0 
Yll 


Y12 


Y13 


Y14 


Y15 
YM 
GY/CY 


All VCC and GND pins must be connected 
to the respective 
VCC and GND 


connections 
on the board and should 
not be used for daisychaining 
through 
the IC. 


88 Pin-Grid-Array 
Pin Location 
Bottom View 


@@@@@@@@@@®®® 
®@@@@@@@@@@@@ 
(!)@ 
@@ 


00 
@@ 


PIN NO.1 
CD CD 
rr=:1::=2====:::33::=il@® 


IDENTIFIER ~ 
11 
34 
@ @ 


CD ~. 
1 
67C7555 
@ @ 


88 
67C7556 
@@ 
@@ 


@@ 
78 
55 
@@ 
77 
56 
®® 
@@ 


@@ 
@@ 


@®®@@@@@@@®®® 
®®®®@@@@@@@@@ 


Pin-Guide for Pin Grid Array 


PIN NUMBER 
PIN NAME 
PIN NUMBER 
PIN NAME 
PIN NUMBER 
PIN NAME 
PIN NUMBER 
PIN NAME 


1 
X9 
23 
N/C* 
45 
825 
67 
VCC2t 


2 
X10 
24 
Y8 
46 
824 
68 
N/C* 


3 
X11 
25 
Y9 
47 
823 
69 
87 


4 
X12 
26 
Y10 
48 
822 
70 
56 


5 
X13 
27 
Y11 
49 
521 
71 
S5 


6 
X14 
28 
Y12 
50 
520 
72 
54 


7 
X15 
29 
Y13 
51 
819 
73 
53 


8 
XM 
30 
Y14 
52 
518 
74 
82 


9 
GX/CX 
31 
Y15 
53 
817 
75 
81 


10 
R8 
32 
YM 
54 
816 
76 
80 


11 
RU 
33 
GY/CY 
55 
GND 
77 
GND 


12 
GND 
34 
N/C* 
56 
TRIL (OEL) 
78 
N/C* 


13 
YO 
35 
GND 
57 
GUCL 
79 
GND 


14 
Y1 
36 
TRIM (OEM) 
58 
815 
80 
XO 


15 
Y2 
37 
GM/CM 
59 
814 
81 
X1 


16 
Y3 
38 
831 
60 
813 
82 
X2 


17 
Y4 
39 
531 
61 
812 
83 
X3 


18 
Y5 
40 
830 
62 
511 
84 
X4 


19 
Y6 
41 
829 
63 
810 
85 
X5 


20 
Y7 
42 
828 
64 
89 
86 
X6 


21 
VCC2t 
43 
527 
65 
88 
87 
X7 


22 
VCC2t 
44 
826 
66 
VCC1tt 
88 
X8 


* Not connected. 
t VCC2 = Logic 
VCC· 
tt VCC1 = Output 
bulter 
VCC· 


This document contains information on a product under development at Monolithic 
Memories Inc. The information is intended to help you to evaluate this product. 
Monolithic Memories reserves the right to change or discontinue work on this proposed product without notice. 
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18-29 


18N 
.........•.......................... 
18-29 
20N 
18-30 
24NS 
18-30 
24N 
..........•.................................. 
18-31 
28N 
......•...................................... 
18-31 
40N 
18-32 
48N 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
18-33 


Molded 
Chip 
Carrier 
18-34 
20NL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
18-35 


28NL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
18"36 


44NL 
. . . 
. . . . 
. 
.. . 
18-37 
68NL 
. . . . . . . 
. . . . 
.. . . . . .. 
18-38 


84NL 
. . . .............•. 
.. . . . . . . . . .. 
18-39 


Top Brazed 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
18-40 
24T 
18-41 


Thermal 
Measurement 


Power 
Dissipation 
Determination 
. . . . . . . . . . . . .. 
18-42 


Thermal 
Impedance 
Measurement 
Procedure 
18-42 


Thermal 
Characterization 
of Packages 
18-44 


Thermal 
Resistance 
Measurement 
Procedure.. 
. .. 
18-44 


Thermal 
Resistance 
Curves 
. . . . . . . . . . . . . . . . . . . . . . .. 
18-45 


Side Brazed Package 


LID 


Gold 
Plated 
Kovar With 
Nickel 
Underplating 


Alumina 


(Standard 
Dark) 


BONDING 
WIRE 


1.25 Mil Aluminum 


CAVITY/SEAL 
RING 


Gold 
Over Nickel 
Over Tungsten 


LEAD MATERIAL 


Alloy 
42 


LEAD FINISHES 


Gold 
Plate (Standard) 
Solder 
Dip Over Gold 
Plate 


48D Side Brazed Ceramic 
DIP 


(1/2"x2 
7116") 


.050 ± .012 
I 
2.400 + .030 
• I 


1.270±·305l' 
60.960±.762 
:~;MIN-ll- 


!I~ 
~~ 
JII_ 


-1f- j~o 
H-2:0 
-1f-:~~~::~ 
ja:~-11- 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


1- .590 ± .010 -I 
14.98Q±.254 
i 
I 


L 


.011 ±.003 --11..- 
.279±.0761 


.605 ± .015 
----.. 


15.367 ± .381 


Monolithic W Memories 


LEAD~ 


BONDING 
WIRE 


1.25 Mil Aluminum 


LID 


Gold 
Plated 
Kovar With 
Nickel 
Underplating 


CAVITY/SEAL 
RING 


Gold 
Over 
Nickel 


Over Tungsten 


LEAD MATERIAL 


Alloy 
42 


LEAD FINISHES 


Gold 
Plate (Standard) 
Solder 
Dip Over Gold 
Plate 


20F Flat Pack 
MII-M-38510, 


Appendix 
C, F-9 


.432±.051 l 
. 
20 


1 
-t 
D~ 


1 
(LID) 
.510 +. 


~BSC 
.395 
12.954 ±. 


1.270 
·1 
10.033 


j 
! 
1 ~ -t 


10 
11 


PINNQl 


IDENTIFY\ 


1 


_ 
.300 ± .020 
I 
7.620 ± .508 ----J 


.005 ± .001 
.127 ±.025 1 


t 


.•... 275 ± .010 ...• 
6.985 ±.254 


I 


.265 
I 
....- 6.731--" 


(LID) 


I 
.190 __ 
1-4.826 
MIN- 


.084 ±.008 
2.I34±.2031 


t 


.025 ± .015 j 
t- 


.635 ±.381 
_.030 
MIN 


.762 


UNLESS OTHERWISE SPECIFIED: 


ALL DIMENSIONS MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 


LEAD 
FRAME 


Alloy 
42 


BONDING 
WIRE 


1.25 Mil Aluminum 


GLASS 


Vitreous 
Solder 
Glass 


CAVITY 


Gold 
Over Alumina 


For Eutectic 
Die Attach 


CAPANO 
BASE 


Pressed 
Alumina 


LEAD FINISHES 


Solder 
DIP Over 


Matte 
Tin Plate 


MonolithioW Me",ories 


14J Ceramic 
DIP 


(5/16"x3/4") 
MiI-M-38510, 
Appendix 
C, 0·1 
1 
1-- 
.018 ± .004 
I 
.457 ± .102 


~.020MIN 


.508 


j.~ 
MAX 
1 


I 
.768 ~ .017 
I 
.•• 
~"~,,.=- f-r~ 
.381 MIN 
5.060 


.160 
J -r 
~.020 
4.064 MIN 
~ 
_ 
_ 
.040 
3.683 ~ .508 
2.540 
1.016 
asc 


;~REF 


1_d11...__, 


7.899 


.158±.016 
I 
H-.263+.022• 


4.013±.406L 
-II 
1i680-~.559 


_t 


II 


~ 


2"13' 


.011 ~ .003 _ 
_ 
.•.•.••. 
REF (2) 


.279 ± .076 


.375 ± .025 .• 
9.525 ±.635 


16J Ceramic 
DIP 


(5/16"x3/4") 
MiI-M-38510, 


Appendix 
C, 0-2 


_11__ .018 ± .004 


.457± .102 


_1_.005 
MIN 


.127 


j;:::~ l-j~~i~O~1 
.381 
~MAX 
___ 
__ 
~5.080 


----._-'"--, 


.160 
~ 
.145 ± .020 


4.064 MIN 
-:!Q!L asc 
3.683 ± .508 
2.540 


---+- 
•...• ~ 
MAX 
~ 
.040±.010 
1.liSl 
1.016 ±.254 


UNLESS OTHERWISE 
SPECIFIED: 
ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


_d11...j 


7.899 


I 


__ 
~ 
.273 ± .032 


.158 ± .016 
I 
6.934 ± .813 


4.013 ± .406 ~ 
-99\ 
II 
\#2"-13' 
~--ll- 
-.. 
REF. (2) 
.279 ±.076 


Notes: 


1. Specified 
body dimensions 
allow 
for differences 
between 
SSI, MSI and 


LSI packages. 


2. Lead material 
tolerances 
are for tin plate finish 
only. 
Solder 
dip finish 
adds 
2-10 mils thickness 
to all lead tip dimensions. 


18J Ceramic 
DIP 
(5/16"x3/4") 
MU-M-38510, 
Appendix 
C, 0-6 


20J Ceramic 
DIP 
(5/16"x1") 
MiI-M-38510, 


Appendix 
C, 0-8 


__11_ .018 ±.004 


.457±.102 


C::::::::J 


.060 ± .004 
\/ I I 
II 
.005 


1.524 ± .102 --.j - 
- 
- 
.127 MIN 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 


AU 
TOLERANCES 
ARE ± .007 INCHES 


;~MAX~ 
,. 


.015M1N 
.381 
t 
- 


.325 ± .025 
~r~J t 


~MIN 
~ 
4.064 
~BSC 
2.540 


__ 
~MAX 


1.905 


t 
~1 
7.899 


.285 ± .022 


.158 ± .016 
1--H- 


1 


7.239 ± .559 


4.013 ± .406L 
II 
-IA 


.011 ± .003_I~_ __~\;E-; !:; 
.279±.076 
r- 


.375 ± .025 
9.525 ± .635 


Notes: 


1. Specified 
body dimensions 
allow 
for differences 
between 
SSI, MSI and 
LSI packages. 


2. 
Lead material 
tolerances 
are for tin plate finish 
only. 
Solder 
dip finish 
adds 


2-10 mils thickness 
to all lead tip dimensions. 


24JS Ceramic 
SKINNYDIP 


(5/16"x1-1/4") 
MiI-M-38510, 
Appendix C, 0-9 


;0;4 
MAX~ I' 
1.258 ~:~ 
",.200 


.015 MIN 
31.953 ±.635 
15.080 
.381 
----.L MAX 
~~J~=t 


~MIJ 
~ 
I ~ 
I I 
~BSC 
__ 
.•••. 040 
.i~~:: 


4.064 
I--2.489 
~ 
2.540 
1.016 


~ 


..:lli...l 
7.899 
.'::,';'::.~ I' l:::":~ 
-A 


.011 ± .003 __ I~..... 
__ ~ 
2" - 
13" 


.279 ± .076 


.375 ± .02.5...• 
9.5.25± .635 


24J Ceramic 
DIP 
MiI-M-38510, 
Appendix C. 0-3 


.018 ± .004 ~ 
~ 


.4.57±.102 


UNLESS OTHERWISE SPECIFIED: 


ALL DIMENSIONS MIN.-MAlt 
IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 


ALL TOLERANCES ARE ± .007 INCHES 


~MAX 


6113 
1.905 
-'~5'9 


:~~ 
MIN 
\" 
;i~ 
:.~ 
"I 
1__ 
'_4554_.0_72_±±_·044_,.11S1 
------ 


098 
I I 
I I 
100 
040 
. 
_. 
.011 ±.003 
2.489 MAX-l I- +2.540 BSC 
i.016 
3.683 ±.508 
~ 


1- 
.685 ±.030 
I- 
17.339± .762 
Notes: 


1. Specified 
body dimensions 
allow 
for differences 
between 
MSI and LSI packages. 


2. Lead materiai 
tolerances 
are for tin plate finish 
only. 
Solder 
dip finish 
adds 
2-10 mils thickness 
to all lead tip dimensions. 


Monolithic W Memories 


Package Drawing 


28J Ceramic 
DIP 
(1I2"x1 1/2") 


Package Drawings 


;':,~':,~- 


jO: 


5MAXl 
.015 MIN 
I" 
.381 


t 
- 


.330 ± .025 
_ 


8.382;-635 
t-,-j 


.::TT~'100 
4.064 
2.540 BSC 


~:9MAX- 
- 


.018 ± .004 _11_ 
.457 ± .102 
E~~ 


15.519 


.584 ± .015 


/- 
14.834 ± .381-j 


J 
J-L~~~ 


20110 
-.11-- .011 ±.OO3 
V RE~. (2) 
.279 ±.076 


UNLESS 
OTHERWISE 
SPECIFIED: 
ALL DIMENSIONS 
MIN.-MAX. IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


Monolithic W Memories 


40J Ceramic 
DIP 
(9/16"x2-1/16") 
MiI-M-38510, 
Appendix 
C, 0-5 


I" 
2.058 ± .025 
"' 
;?':':l~ 
~, 1 I=HHHHHHVHHHt 
"""-." 
'0-1 
~.AA 
~= 
1 
1 
"""-~, 
;:.~o,: 


4.064 
-.l 
1--2.489 
.940 
-l 
1-2.540 


I 


.554±·044-1 
- 
14.072 ± 1.118 


'N.Ff 
J~ 
4.013±.406 


2· -11· 
:~;~::~~:_11_ 
REF. (2) 
~ 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


Notes: 


1. Specified 
body dimensions 
allow 
for differences 
between 
MSI and 
LSI packages. 


2. 
Lead material 
tolerances 
are for tin plate finish 
only. 
Solder 
dip finish 
adds 


2-10 mils thickness 
to all lead tip dimensions. 


Monolithic mMemories 


Leadless Chip Carrier 


Alumina 


(Standard 
Dark) 


BONDING 
WIRE 


1.25 Mil Aluminum 


LID 


Gold 
Plated 
Kovar With 


Nickel 
Underplating 


CAVITY/SEAL 
RING 


Gold 
Over Nickel 


Over Tungsten 


TERMINALS 


Gold 
Plating 
Over Tungsten 


20L Leadless 
Chip 
Carrier 
MII-M-38510, 
Appendix 
C, C-2 
.015 
r·m 


t 


~ 
~ 
~ 
~ 
~ 


I( 


.330 


8.38 
AX 
j 


~ 
~ 
~ 
~ 


~ 


_ 
.350 + .008 so_ 
8.800 ±.203 
~ 


~X450(3) 
1.016 
REF 


I 
28L Leadless 
Chip Carrier 
MiI-M-38510, 
Appendix 
C, C-4 
K:-~ 
tT===11 


.025 ± .003 TYP (20)1 
r-h:i~~ 
, .~ 


.635 ±.076 % 
t 
m6!J [;'::;~ 
. 


.015 
~~ 
:381 MIN 
/ 
,,~. 
.~ 
---r .085 ± .008 


- 
- 
I 2.159±203 


t 
-t 
' 
.014 ±.008 
~ 
_f· 356±.203 


5.080 
BSC 


1 


...12Q.. 


6.350 
REF 


+ 


-t 
~. • • .1.b-R~Bsc 
I~ 
1.270 


.075 
.100 
.050 ± .005 
,~",ti~JL~,- 
UroL", 


.127±.051 


UNLESS OTHERWISE 
SPECIFIED: 
ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


.015 
r .003 


t 


1 


.330 
8.38 
MAX 


1 
-I 


_ 
.450+.008 
so_ 


+ 


- 
j0 
0 
4 
1 
0 
6 


x45°(3) 


REF 


.060 ± .006 
.072 ± .008 
L~ 
1.829±.2~ 


LrrtttiYtiD_t 


.014 LOO8 
~.356±.203 
--t- .025 ± .003 
r 


.635 
±.076 
__ 
TYP 


Notes: 


1. Solder 
fillets 
on lid edges 
not shown. 


Monolithic W Memories 


44L Leadless 
Chip 
Carrier 
Mil-M-38510, 


Appendix 
C, C-S 


,~ 
''\ t 


1.560 
14. 
M 


1 
~ J 
_ 
.650 
+ .010 sa 
16.510 ±.254 


;~6 
x 45°(3)_ 


REF 


.035 ~ :gg~ 


889 + .076 
. 
-.051 


.015 
r· OO3 


.020 x 450 
[-508 


t 
t 
~J 
2.159±.203 
1 


.009 ±.006 
.127±.051 


.550 
13.970 
REF 
I 


~REF 
I_~BSC 
•• I 
1 
1.905 
~ 
6.350 
I 


_ 
.500 
BSC- 
12.700 


.060 ± .006 
.072 ± .008 
f 1'52400nnrrrrm~ 
1.829 
±.203 


UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 


Package Drawing 


J2L Leadless Chip Carrier 
(.750"x.750") 


.750 ± .011 
19.050 ± .279 
sa 


~'-~MIN 
~ 
•.. 
381 


.020 
x450 TYP 
r· 


508 


t 


.085 ± .008 
2.159 ± .203L 


.Et3 


13.970 


I 


.050±.005 Jj -~Bsc-I 
1.270 ± .127 
7.620 


.075 REF 
•..•.• 
.600 BSC 
1.905 
15.240 


l~BSC 
1.270 
~x:r 
1.016 TYP(3) 


.Q92± .009 
.080 ± .008 


2.337 ±.229I=--onmmmno=f 
2.032 ± .203 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 


ALL TOLERANCES 
ARE ± .007 INCHES 


Notes: 


1. Solder 
fillets 
on lid edges 
not shown. 


Monolithic W Me,,!ories 


68L Leadless Chip Carrier 


(.9SO"x.9SO") 


.~-:J 


1.016 
.050± .005J-t1::060Bsc .• 
1 J 
1.270 ±.127 


- 
~REF 
1.905 


.....--- 
.800 
BSC 
.....- 
.009 ± .006 


20.320 
.127 ±.051 


.020 
450 
PIN NO. 1 


.soi~ 
/ 
IDENTIFIER 
I~ 


.950 ± .012sQ 
24.130±.305 


d 
IliUUUiUUniUlI 


.060 ±.008 J 
2.032 ±.203 
•t .092±.009 
2.337±.229 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


MonolithicW Memories 


84L Leadless 
Chip 
Carrier 
MiI-M-3B510 
Appendix 
C, C-B 


~X45° 
r 


.508 
REF 


.085 + .008 
r 2.159 ± .203 


1.150 ± .015 
29.210 ± .381 
soU 


~X450(3)J 
1.016 
REF 


.025 ± .003 
r 


.635 
±.076 


__ 
TYP(84) 
-t 


l.05O BSC 
1.270 
.050 ±.005 II 
J 
1.270 ± .127 
500 
-,2.TOOBSC 


~REF- 
- 
1.905 


:092 ± .009 
.080 ± .008 
r 2.337 ± .229 
'2.O32±.2031 


Iii i i ii i i i i i i i i i i i i i i i ill 
r 
t 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


Notes: 


1. Solder 
fillets 
on lid edges not shown. 


Monolithic W Memories 


::::::::.=~~~~p~a:C~k~a:g:e:~D~::.::::'~~~~~~~~~~~~ 
Package D 
. 
,awlngs 
rawlng 


84L-2 
Leadless Chip C 
. 
( 
1 
arner (Ca 
't 
.380"x1.380") 
VI y Down) 


,.[ 


35.052 ± .254 


sa 
Umml 


+-t 
t 
.060::-- 


1.524 ±.152 


HEAT SINK TOP 


.063 ± .007 


r1.~±·178 
+T .245 ± .020 
BOTTOM 
VIEW 
-L 
6.22; ±.508 
-t 


.012±.003 
12.S;:9±·040 
~----. 


.305 ± .076 
± 1.016 
T 
* l~ 
Q~~'~ 
~~ ~ 
t 


SOCKET 
(SEE NOTE 4) 


UNLESS OTHER 
ALL DIMENSIO~:E 
SPECIFIED: 


~LL DIMENSIONS =:~.-MAX.IN INCHES 
LL TOLERANCES 
AR~~A)(' 
IN MILLIMETERS 
Notes: 
- .007 INCHES 


1. Solde 
t'l 
r I lets on I'dI 
edges not shown. 


84L-2 
Socket 
r 
PIN 
#l 
IDENTIFY 


0 
~ 
0 


1 
D 
D 


1.380 ± .012 
35.000 ± .300 
sa 


j 


0 
IC61-0844 
0 


t 


+ 
'020~ 
.26O±.012 


.378 ~.024 
+.500 
6.600 ± .300 


9.600_.600 
_ 
_ 


+ 
+ 
t 


~:o-l~~-ll-:: 1* 


.050 
1.000 ±.006 
220 


1.270 
24.ooo±.I50- 
. 


.260 ±.012 
6.600±.3OO L 


+ 
+ 
.009 
.220 


•••. ~ __ 
.050 
1.270 


1.ooo±.006 
24.ooo±.I50 


- -~::r-=:;::J+ 


~ 
3.760 


+000 


.063 - .004 
1.600 + 000 


-.100 


-II- 


.020 
.500 


t 
.079 ± .020 
2.000 ±.500 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.· MAX. IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


Socket 
Specifications 
(all values from 
Yamalchl/Nepenthe 
data sheet): 


1. Insulation 
Resistance 
1,000 M n minimum 
at 500 V DC 
2. Dielectric 
Withstanding 
Voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
700 V AC RMS for one (1) minute 
3. Contact 
Resistance 
20 M n maximum 
at 10 mA, 20 mV 
4. Rated Current 
Per Contact 
1 A maximum 
5. Operating 
Temperature 
-55 to +1oo°c 
6. Contact 
Force 
.....................................•.................................. 
85 grams 
min for each contact 


Cerpack 


\ 


LEAD 
FRAME 
BONDING 
WIRE 
CAPANO 
BASE 


Alloy 
42 
1.25 Mil Aluminum 
Pressed 
Alumina 


GLASS 
CAVITY 
LEAD FINISHES 


Vitreous 
Gold 
Over Alumina 
Tin Plate 


Solder 
Glass 
For Eutectic 
Die Attach 
Solder 
Dip 


16W cerpack 
MiI-M-38510. 


Appendix 
C. F-5 


1 
16 
t I 
t l- 


+.OO2J 


.387 t-. 
9.830t-. 
+.051 


1 


+ 


8 
9 
-l 


PIN #1 


[IDENTIFY 
~MAX 


[1.016 
.012:::: 


305 +.0761 
. 
-.102 


1 


_ 
.305 ± .015 __ I 


7.747 ± .381 


[.005 
MIN 


.127 


005 + .001 
. 
- .002 


.127:::~L+ 
t 


l.033 
±.007 


.838±.178 


I 
- 
• r-__ 
~2_:2_~_~_·~_8 
~ 
.073 ± .012 
I 
[ 
1.854 ± .305 
r 
l 
'-I 
t 


~MAX- 
7.239 
(GLASS FLOW) 


012 + .003 
~ 


.305 ~ ..~~: 
~~u 


464 +.016 
. 
-.017 


11.786~:~ 
~J.," 


.127 


] 


IDENTIFY 


1 
18 
t 
1..- 


±.OO2J 
±.051 
1..- 


9 
10 


.050 BscJ~ 
~ 
1.270 
.305 ± .015 
7.747 ±.381 


.005~":~ 
I--~~~.~1 
f;O::S~'~1 


.127~:g;: Lt 
I 
. 


='=t =-'-,""=--==-~-~_~I__ 
~I-=-=-=== 


1.038±.007 
I 
I 


.838 ± .178 
I-- ~~:9 
MAX--l 


(GLASS FLOW) 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


MonolithicWMemorles 


Package Drawings 


20W Cerpack 
Mil-M-38510, 
Appendix 
C, F-9 


012 +.003 
~ 


.305~}~: ] 


IDENTIFY 


1 
20 
i 


t L 
: 


±.002J 
±.051 


L 


10 
11 


.513 ~.~~: 


13.030~ ..~: 


.050 BscJl- 
~ 
1.270 
.305 ± .015 
7.747±.381 
-L2." 


.127 


:;~f-!= 
I_:_·883_1_±_±·009_.229_l::-_::-_:~~_:~""'_:---=----:::...-----F~~~ 


1.033±.007 
~ 
~ 


.838±.178 
.300 
MAX 
7.620 


(GLASS FLOW) 


24WCerpack 
MII-M-38510, 
Appendix 
C, F-6 


.012 -.004 
IDENTIFY 
['.143 
M 


1·305+"~~: 
t 


1 
24 
-r 
l- 


±.002J 
.613 +. 


±.051 


15.570 ~ 
l.- 


12 
13 
-----L 


017 
018 
.432 
457 


=IJ." 


.127 


~BscJI 
~ 


1.270 
~ 
.265 ± .015 
6.731 ±.381 


.005 ~ ..:~ 
11:::S\~~ I 
.075 ± .015 
-L 
~_~=I 
1___ 
_fl.905±.381 
.127 ~ ..g:: ~ 
t 
.- 


t 
---- 
••••---- 
-=--=--=--=--=--=--- 


-[033± .007 
I 
I 


B.38±.178 
I--- li~~6 MAX--l 


(GLASS FLOW) 
UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 


ALL TOLERANCES 
ARE ± .007 INCHES 


MonolIthIc miD MemorIes 


PACKAGEBODY~ 


Alumina 
(Standard 
Dark) 


BONDING 
WIRE 


1.25 Mil Aluminum 


PIN MATERIAL 


Gold 
Plated 
Kovar 


LID 


Gold 
Plated 
Kovar With 
Nickel 
Underplating 


CAVITY/SEAL 
RING 


Gold 
Over Tungsten 


Package 
Drawings 


68P Ceramic Pin Grid Array (Cavity Up) 


(1.100x1.100) 


PIN NO. 1 


~._'" 


--I:;~osa- 


1.100 +;020 so 
. 


PIN NO. 1 
IDENTIFIER 


11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


.080 ±.008 
r~ 
_~+_II 
II 
t 


.~z.005r~-M 
~ IT IT IT ~ ~ ~ V [ 
t ~~r~ 


1.270z.127 
~ 


•.... 05Oz.oo5 DIA 
.180z.Q1JLJ 
1.270z. 127 
4.572z .254 


:~~ ~:: 
DIA.... 
•... 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE z .007 INCHES 


88P-1 Pin Grid Array 
(Cavity 
Up) 


(1.300"x1.300") 


.670 ± .003 
17.018± .076 
sa 


3~30o;O~·~;:o sa- 


.092 ± .008 
r 2.337 ± .203 
_t_ 
tl'047 ± .008 


1.194±.203 


PIN#1 
IDENTIFY 


778082838587134689 


@ 
0000G000000111 


7875l0"00000 
Oj000000 
14 
12 


76 
13 
74 0 
0 
79 81 84 86 0 
2 
5 
7 10 
0 0 
16 


72 0073 
1500 
17 


700071 
1800 
19 


690068 
2000 
21 


670066 
220023 


650084 
2400 
25 


63 0062 
270026 
t 61 0059 
290028 


~057 
51494644 
42 40 373200 
30 


~ 


68I@O~0000000~@031 
~ j~:_00000000000 
~3334 


2.540 TYP 
5{- 52 50 48 47 45 43 41 39 38 38 


54 
35 


.071 ±.006 
DIA 
1 200 
1.803 ± .152 (87) 
• 
30.480 SSC -----I 


.139 ± .011 
r 3.531 ± .279 


t 


l.134±.015 
3.404 ± .381 


UNLESSOTHERWISESPECIFIED: 


ALLDIMENSIONSMIN.-MAltIN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALLTOLERANCESARE ± .007 INCHES 
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88P-2 
Pin Grid 
Array 
(Cavity 
Down) 
(1.300"x1.300") 


1.300 ± .013 
33.020 ± .330 
Lmml- 


-t 


.640 ± .008 
16.256 ±.203 
T 


--~t 
.329 ± .025 
• 
8.357 ± .635 
• 
t 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


LEAD FRAME 


Copper Alloy 194. 


Copper Alloy Tamac 5. 


LEAD FINISH 


Solder Dip. 


BONDING 
WIRE 


1.0 Mil Gold Wire. 
1.25 Mil Gold Wire. 
1.30 Mil Gold Wire. 


DIE PAD 


Spot Silver Plating 
(150 Micro-Inches) 


PACKAGE 
BODY 


Thermoset Plastic. 


DIE BONO 


Silver Filled Epoxy. 


16N Molded 
DIP 
(1/4"x3/4") 


PIN NO.1 
IDENTIFIER 


.035_ 
.889 


18N Molded 
DIP 
(1/4"x7/8") 


~;~o.~ 
: : :: 
: :°:1 


(EJECTOR PIN) 
PIN NO.1 
OPTIONAL 
IDENTIFIER 
~ 


~ 
• 
".306±.010 
~J+l''f;~i; 


t 
- 


5" _12" 


.011 ± .002 -It-=:-- 
~REF'(2) 
.279±.051 
-- 


.360 ± .025 
9.144 ±.635 


f.':'o~11" ,;':,';'~, "/ 


I mnww4i~~2~'~~~ 
.280 ±.010 
7.112±.254 
t 
. 
'- 


~ 
I I 
_11_.018±.004 


2.540 --1-1 
.457 ± .102 


UNLESS OTHERWISE SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 


ALL TOLERANCES ARE ± .007 INCHES 


NOTES: 


1. Lead material 
tolerances 
are for tin plate finish 
only. Solder 
dip finish 
adds 


2-10 mils thickness 
to all lead tip dimensions. 


2. 
Both Version 
1 and Version 
2 configurations 
are manufactured 
interchangeably. 


3. 
Ejector 
pin marks on Version 
1 are optional. 
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PIN NO.1 
Package Drawings 
j""" 
~N(~:~~)D:o.~:::::::::~_l:::::::::~ 


1.524 
1.778 


PIN NO. 1 
IOENTIFIER 


~ 


.306±.010 
7.772±.254 


I 


1.020±.015 
I 
.130 
I--:::rf 
.258±.012 


• 
25.908±.381 
• 
+ 
3.302LI~ I'6.553±.305 


/181~-~'~~ 
-t trl1lill11liiJU~ U a~:2~'~;4 
_t RJ 
5' _12' 


t 
+ J V if M V li V 1m VLIt - 
t 
REF.(2) 
~ J-~ 
, 
SEE DETAIL 
A 
.011±.OO2 -11'- 
t-- 
3.810 REF 
.279 ±.051 


~ 
.060 ± .004 
.., 
.360 ± .025 
2.540 
1.524±.102 
~_, 
9.144±.635 


~- 
-- 
- 
.018±.004 
&--1JJ 
1 


1.016 
.457 ±.102 
1\ O1J1Ij 
T 


~~/) 
l.015MIN 


I 


(MINIMUM GAP, PACKAGE 


~ 


.040 
TO .042 REF LINE) 
__ 
.042 


REF 


~;~~G:::::::::::l:~~ 
_I 


IDENTIFIER 


24NS Molded 
SKINNYDIP 
(1/4"x1 3116") 


. 
.r- .306±.010 
I 
7.772± .254 


t 
__~ul 
;~,~If·t't:~~ 
.280 ±.010 


7.112±.254 
t 
I 
+ 
~]J 
+ 
+ 
t 
3.302 
5' - 12' 


"lli.. REFrt' 
I l J 
- 
.011±.OO2_'II_ 
-- 
~ .••...• 
REF'(2) 
3.810 
.279 ± .051 
~ 
_ 
.040 
• 
• 
.360 ± .025 
2.540 
1016 
9.144 ± .635 


.018 ±'.004 
_ 
_ 
_ 
.060 ± .004 
UNLESS OTHERWISE SPECIFIED: 


.457 ± .102 
1.524±. 102 
ALL DIMENSIONS MIN.-MAlt 
IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 


1. Lead material 
tolerances 
are for tin plate finish 
only. 
Solder 
dip finish 
adds 
2-10 mils thickness 
to aI/lead 
tip dimensions. 


2. 
Both version 
1 and version 
2 configurations 
are manufactured 
interchangeably. 


3. 
Ejector 
pin marks on version 
1 are optional. 
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24N Molded 
DIP 
(9/16"x1-1/4") 


o 


.0860 
~ 
2:U 
IA(2) 


(EJECTOR PIN) 
OPTIONAL 


28N Molded 
DIP 
(9/16"x1 
15/32") 


_11_.018 


.457 


.....--.- 
.600 
------.. 


15.240 


......- 
.558 ± .010 
-. 
14.173 ± .254 


_* 
1'\ -t11.~ 


\- 
3.810 


4··11· 
REF. (2) 


~T 
1.778 


_11_ 
.011 ± .002 
.279 ±.051 


NOTES: 


1. Lead material 
tolerances 
are for tin plate finish 
only. 
Solder 
dip finish 
adds 
2-10 mils thickness 
to all lead tip dimensions. 


2. Both Version 
1 and Version 
2 configurations 
are manufactured 
interchangeably. 


3. 
Ejector 
pin marks on Version 
1 are optional. 


UNLESS OTHERWISE SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. IN MILL/METERS 


ALL TOLERANCES ARE' 
.007 INCHES 


40N Molded 
DIP 


(9/16"x2-1/16") 


o 


~REF(2)~1 
2.184 


" 


2.056 ± .015 
" 
52.222 ± .381 
;~g~.b_~~ 
~;:::~ 


;~100 REF 
I 
I_.J..QQ.. 
II 
.040 
/I 
.018 ± .004 
.050 ± .004 
H 
2.540 
-11-1.016 
-II- .457±.102 
1.270±.102 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 


ALL TOLERANCES 
ARE ± .007 INCHES 
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48N Molded DIP 
(9/16"x213/32") 


o 


.086 
A 
2:ii4 DIA (2) 
~ 
I 
0 


(EJECTOR 
PIN) 


OPTIONAL 


I" 
2.408 ±.015 
"' 
61.163 ±.381 


;~:~J~ 
T~~~, 
~~ 
~~ ~.f':"~ 
J 
I I 
.100 
.040 
.018±.004 
__ 
.050±.004 
3.937 
I-t- 2.540 
1.016 
.457 ± .102 
1.270± .102 


.011 ± .002 -...III- 
.279 ± .051 
. IL 
.660 ± .025 


16.764 ±.635 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ±.OO7INCHES 


Notes: 


1. Lead material 
tolerances 
are for tin plate finish 
only. 
Solder 
dip finish 
adds 


2-10 mils thickness 
to all lead tip dimensions. 


2. 
Both version 
1 and version 
2 configurations 
are manufactured 
interchangeably. 


3. 
Ejector 
pin marks 
on version 
1 are optional. 


LEAD FRAME 
BONDING WIRE 
PACKAGE BODY 


Copper 
Alloy 
195. 
1.25 Mil Gold 
Wire 
Thermoset 
Plastic. 


Copper 
Alloy 
Tamac 
5. 


LEAD FINISH 
DIE PAD 
DIE BOND 


Tin Plating. 
Spot Silver 
Plating 
Silver 
Filled 
Epoxy. 


Solder 
Dip. 
(150 Microinches). 


20NL 
Molded 
Chip 
Carrier 
(.351"x.351") 


-1 


.353 ± .003 
8.966 ±.076 
so 


.390 ±.OOS 
9.906 ±.127 
so 
-1 
I. 
~REF 
.1 


15.080 
I 


.018 ± .003 TYP 
r .457 ±.076 


-1--- 
-t 


.029 ±.003 
.737 ±.076 1 
TYP 


~DIA 
3.302 


(EJECTOR 
PIN) 


.010 x 450 (3) 
__f· 254 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAl(. 
IN MILLIMETERS 


ALL TOLERANCES 
ARE ± .007 INCHES 


~X45°l-1 
1.143 


ffil 


-'03O 


.762 
~ 
1.778 


.100 ± .005 
-""'-+,.~,.,,' 


4.369~ 
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28NL Molded Chip 


(.451"x.451") 


.030 
PIN NO. 1 
t .762 DIA IDENTIFY 


o 
1 


.453 ± .003 
11.506 ± .076 
sa 


.490 ±.005 
12.446 ± .127 
sa 


1 


.018 ± .003 
TYP 
~ 
.457±.076 


.028 ± .003 
TYP 


.711±.076 L 


3.~:DIA 


(EJECTOR 
PIN) 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


~X45"--l 
1.143 
I 
-1 


.410 
T 


~ 


.03O 


.762 
~ 
1.778 


.100 ± .005 
2.540 ±.127 
~ 
4.369 
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44NL Molded 
Chip Carrier 
(.650"x.650") 


.050 
TY~ 
1.270 l 


.030 
PIN NO.1 


.J.lL~-,.~62, 
IDENTIFY 
__ 
o .... 11 


.653 + .003 
16.586 ± .076 
sa 
U· 690±.005 
17.526 ± .127 
sa 


I 
~ 
ttl-"'" ,,!'"....'~ ". 
_-'--REF 
_ 
2.362 


12.700 


~ 
45 


0-1 
1.143 x 


.026 ± .003 


.660±.076L 


-t 


UNLESS 
OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlClN 
INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


-1 


~ 
15.494 


_~ 
•... 
030 
.762 


-l;0::8 
__ 
.1OO±.005 


2.540 ±.127 


.172 
--4:369 


Package 
Drawing 


68NL 
Molded 
Chip 
Carrier 
(.950"x.950") 


.018 ±.002 
.457±.051L 
T 


.028 ± .002 
.711±.051l 
-t 


.954 ± .001 
24.232 ±.025 
sa 
.990 ± .003 
25.146 ±.076 
sa 


~X450 
1 
1.143 


J]ffi=I 


- 
.020 MIN 
.508 
~ 
2.032 


.100 ± .005 


~ 
-L2.540±.127 


4.318 
I 


3.048 ±.127 


O§ 


UNLESS 
OTHERWISE 
SPECIFIED: 
ALL DIMENSIONS 
MIN.-MAX. 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


Package Drawings 


84 NL Molded Chip Carrier 
(1.154"x1.154") 


~TYP 
1.270 L 
1.154.± .004 
29.312 ± .102 
SQ 
1.190± .005 
30.226 ± .127 
sa 


.018.± .002 
~L 
T 
o 


.028 ± .002 
.711±.051L 


~X45'_1 
1.143 


1.120 
28._ 
sa 


o 
o 


UNLESS 
OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 


ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 


ALL TOLERANCES 
ARE ± .007 INCHES 


Monolithic m Memories 
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Top Brazed 


LEAO/ 


PACKAGE 
BODY 
LID 
LEAD MATERIAL 
HEAT 
SINK 


Alumina 
Gold 
Plated 
Kovar With 
Alloy 
42 
Blue Anodized 


Nickel 
Underplating 
Aluminum 


BONDING 
WIRE 
CAVITY/SEAL 
RING 
LEAD FINISHES 
PREFORM 


1.25 Mil Aluminum 
Gold 
Over Tungsten 
Gold 
Plate (Standard) 
Conductive 
Epoxy 


Solder 
Dip Over 
Gold 
Plate 


Monolithic mMemories 


.070 ± .010 
PREFORM 
f 1.778 ± .254 


:.'J~Imnm V V tIT 


.140±.010 ITJ 
~'lOO 
.017±·002-11=--L 
.210±.015 


3.556 ± .254 
2.540 
.432 ± .051 
5.334 ± .381 


.060 ± .008 
1.524 ±.203 


24T Top Brazed Ceramic Dip 
(With Heat Sink) 
(1/2"x1 
114") 


" 


1.220 + .015 
. 


30.988 ± .381 


.215 +.020 
I" 


1.195 + .015 
"I 
5.461 ±.508 
30.353 ± .381 


1.025 
..::::J==] 


+ 
-'--1- 


_ 
.500 ± .010 _I 
12.700 ±.254 I 
HEAT SINK 


I 


LID~ 


~ 
_1_ .011 ± .003 
.630 ± .025 
---. 
.279 ± .076 


16.002 ± .635 
1 
O 


-t 


.385 ± .003 
-.:l.076 


.012 ± .002 
1.480 
+ .003 
I 


.305 ± .051LI--12.192-± .076- 
-t- 


UNLESS OTHERWISE 
SPECIFIED: 


ALL DIMENSIONS 
MIN.-MAlt 
IN INCHES 
ALL DIMENSIONS 
MIN.-MAX. 
IN MILLIMETERS 
ALL TOLERANCES 
ARE ± .007 INCHES 


Package Drawings 


Thermal resistance for a packaged integrated circuit determines 
the operating temperature, and hence the performance and life- 
time of the semiconductor device. For this reason, it is of interest 
to know the thermal impedance of the package configurations 
commonly in use and the effect of external factors such as air 
circulation 
and board-mounting 
conditions 
on the device 


temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven- 
tions for data aquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard data for thermal impedance in the form of liJC' liCA' 
and a provision for obtaining liJA (resistance from junction to 
ambient) as a function of air movement over the package or 
package/board combination. 


Use of Monolithic Memories data 


In this publication data is presentedfora variety of packagesand 
~mblent conditions. In order to Simplify the data presentation, 
graphs of liCA vs. airflow are provided for packages in common 
use.These include socket-mounted dual-in-line packagessuch as 
p-dip, cerdip, and side-brazed packages, board mounted cer- 
packs and flatpacks, and free-standing leadless-chip carriers. 
Since liCA is a package geometry related function, the user need 
only look up the package type for the air-flow used. With this 
number, and knowledge of the die attach type, the total thermal 
resistance may be determined from the semiconductor junction 


to the ambient. Since the liJC is largely dependent on the 
package type and die attach type, a table has been constructed 
for easy use. (Although liJC is a die-size dependent variable for 
eutectic die attach, the effect of IiJC on IiJA is small enough that 
a constant may be used in most cases. For other die-attach 
methods, the thermal resistance was only slightly dependent on 
die size). After obtaining liJC and liCA as described above, the 
total thermal resistance, liJA' may be found by the addition of 
liJC to liCA as: 


1. All side-brazed, cerdip-sealed, and molded 
dual-in-line 
packages were mounted in zero insertion force sockets and 
placed transverse to the airstream. Thermocouples 
were 
mounted directly to the bottom of the package. 


2. All cerpacks and flatpacks were board mounted in direct 
contact with a double-sided 
fiberglass-epoxy 
composite 
printed circuit 
board. The thermocouple 
was placed di- 
rectly between the package and the board and fastened to 
the package. 


3. All LCC packages except the 84 PIN LCC were freestanding, 


suspended by 28 GA. tinned copper wire soldered to pads 
corresponding 
to VCC and GND. The 84 PIN LCC was 
mounted in a single insertion socket. Thermocouples were 
attached directly to the bottom of the parts. 


Thermal Impedance Measurement 
Procedure 


Thermal impedance of a device isdefined as the rise in the junc- 
tion temperature against some reference point per unit of power 
dissipation or it may be described by the formula: 


6 Tj (0C) 
Tj = temperature of junction 
Pd (Watts) 
Pd = power dissipation 


Theory 


The principle of measuring the Thermal Impedance of a device is 
based on measuring the temperature of the hottest junction on 
the die under power dissipation. This is done by using the sub- 
strate diode to monitor the chip temperature. By reverse biasing' 
and forcing a small forward current (500IlA) through the device 
under test (between + VCC and ground), a large number of sub- 
strate diodes become forward-biased. By doing this, the hottest 
substrate diode junction is automatically detected, since it has 
the lowestvoltagedrop during this forward-biased condition. The 
forward voltage drop across the substrate diode is quite linear 
over a range of 25°C to 100°C. The hottest substrate diode is 
used as a "thermometer" to monitor the chip under power. 
Procedure 


A block diagram of the Thermal Impedance setup is shown in 
Figure 1.The substrate diode is forward biased by the Constant 
C;:urrentSource (-500 IlA). The VCC is supplied by the Power 
Supply, which is gated at 48.8 cycles/second, with a duty cycle 
of == 99.5%. The VF of the substrate diode is 'sampled' by the 


Sample/Hold circuit, which isgated synchronously with the VCC 
supply, sampling is done for40 IlS, during each 100IlS window 
when the Vcc power supply isOFF.In addition to the VF readings, 
the case temperature (closest to die attach point) and the 
Ambient temperature are monitored. The power dissipated (Pd) 
by the device is measured by DVM and calculated: 


Pd = ICC x VCC' 
The device is mounted in a socket within a Wind Tunnel. The air 
speed within the wind tunnel is monitored with an Air Velocity 
meter. The air speed is adjustable from 0 to 1000feeVmin. The 
use of a wind tunnel allows us to graph the temperature of the 
die, in relation to the cooling air speed. The worst case liJA is at 
o air speed (STATIC). 


Summary 


The Thermal Impedance measurement can be summarized as 
follows: 


1). Calibration of the 6VF/oC of the D.UT. This is done by 
measuring the VFat two different temperatures with the VCC 
power supply OFF,and dividing the 6VF by the 6°C. 


2). Measurement of 6VF under operating conditions, under 
different air flow rates (0, 100, 500, 1000 ft/min.), while 
measuring °C case,°C ambient, ICC and VCC' The readings 
are recorded when the change in the case 
(OC 
case) 


temperature is less than 2% (of 6 °C case - °C amb) over a 
time of 30 seconds. 
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3). Calculation 
of Thermal 
Impedance 


Symbol 
of Definitions 


VF1 = VF@ 
low temp. cat. point 
(VCC OFF) 


VF2 = VF@ 
high temp. cat. point 
(VCCOFF) 


°C1 = Case °C@ 
low temp. cat. point 
(VCC OFF) 


°C2 = Case °C@ 
high temp. cat. point 
(VCC OFF) 


VF3 = VF under 
power, 
stablized 


°C3 = Case °C under 
power, 
stabiiized 


°CA = Ambient 
°c 


Pd = ICC x VCC 


b) fJCA = 
(C3 
_ °CA) 


Pd 


c) 
fJJA 
(Junction 
to ambient) 


fJJA = fJCA + fJJC = 
°C/W 


1). Digital 
Thermometer 
measures 
°c 
case and °c 
ambient 


2). 
DVM: 1 measures 
VCC and ICC 


3). DVM2 
measures 
VF of the substrate 
diode 


4). 
BINARY 
counter 
creates 
Ao thru A11; 


Ao = 100 kHz, A1 = 50 kHz, 
A2 = 25 kHz etc. synchronious. 


5). Timing 
gate switches 
the power 
supply, 
address 
buffers, 


and sample/hold 
circuits. 


6). Constant 
current 
source 
provides 
-500 IJA to the VCC pin 


for the VF measurement. 


7). The airflow 
meter measures 
the air velocity 
for air- 


flow measurements. 
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Introauctlon 


Thermal resistancefor a packaged integrated circuit determines 
the operating temperature and hence the performance and life- 
time ofthe semiconductor device. Forthis reason, it isof interest 
to know the thermal resistance of the package configurations 
commonly in use and the effect of external factors such as air 
circulation 
and board-mounting 
conditions 
on the device 


temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven- 
tions for data acquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard data for thermal resistance in the form of ReJC (resist- 
bnce from junction to case) and ReJA (resistance from junction 
to ambient) as a function of air movement over the package/- 
board combination. 


Use of Monolithic 
Memories 
Data 


In this pUblication, data is presented for a variety of packages 
jlnd ambient conditions. In order to simplify the data presenta- 
lion, graphs of ReJA vs. airflow are provided for packages in 


common use. Inese InCluae socket-mounted pin grid arrays, 
dual-in-Iine p-dip, cerdip and side-brazed packages, board 
mounted cerpacks, flatpacks, leadless-chip carriers and plastic 
leaded chip carriers. 


Resistance from junction 
to ambient (ReJA) is a package 


geometry and die size related function. The user need only look 
up the package type and die size for the air-flow used. Since the 
ReJC is largely dependent on the package type and die size, a 
table has been constructed for easy use. 
Notes on the Tabulated 
Data 


1. All side-brazed, cerdip-sealed, molded dual-in-Iine and pin 


grid array packages were mounted in zero insertion force 
sockets and transverse to the airstream. 


2. All cerpacks, flatpacks, LCC and PLCC packages were board 


mounted in direct contact with a double-sided fiberglass- 
epoxy composite printed circuit board. 


3. For measurement of ReJC' all packages were immersed in a 


constant temperature fluorinert bath. The thermocouple was 
mounted directly to the bottom of the package. 


Thermal resistance of a semiconductor device is a measure of 
the ability of its mechanical structure (package) to provide for 
heat removal from the semiconductor element. It is defined as 
the rise in the junction temperature against some reference 
~oint per unit power of dissipation or it may be described by the 
formula: 


ReJR= Thermal resistance, junc- 
tion to reference point, in 
°C/watt 
TJ 
=Junction temperaturein°C 
TR 
= Reference point tempera- 
ture in °c 
P 
= Power dissipation 


Thermal 
Measurement 
Technique 


Thermal resistance ismeasured using the temperature sensitive 
parameter (TSP) method. This method takes advantage of the 
linear relation between temperature and voltage drop across a 
p-n junction to measure the average die temperature. Thermal 
resistance measurement can be done either using an actual 
device or with thermal test chips. For the purpose of this study, 
thermal test chips are used. 


Each test chip consists of sensing elements and a heating ele- 
ment. Sensing elements are two sets of diode pairs. One diode 
pair is located at the center of each die and one pair is near a 
corner. The heating element is a polysilicon resistor which cov- 
ers 95 percent of the die surface area. The resistor extends 
undemeath the bond pads but not the sensing elements. 


Initially, diodes are forward biased to a low level current source 
(50 pA) and the voltage drop is calibrated with respect to 
temperature. Then, the resistor is powered and the diode voltage 
drop is monitored until thermal equilibrium is reached. Steady 


state junction temperature is calculated from the calibration 
data. 


Forthe ReJAmeasurementthedevice isput in awind tunnel. The 
air speed isadjustable from 0 to 1000feet/min. The useof awind 
tunnel allows us to graph the RIJJAvs. air flow velocity. Average 
junction to case thermal resistance (RIJJC) is measured by 
immersing the package ina constant temperature fluorinert bath 
and sensing steady state junction 
temperature 
with 
case 


temperature being measured at the bottom of the package. 


Summary 


The thermal resistance measurement can be summarized as 
follows: 


1. Calibration of the voltage drop across the sensing element 


with respect to temperature. This is done by measuring the 
voltage drop at several different temperatures with the heat- 
ing power off. 


2. Measurement of voltage drop across the sensing element 


under operating conditions, 
under various air flow rates 


(from 0 to 1000 linear ft/min.), while measuring °c ambient 
and power input for calculation of ReJA 


3. Measurement of voltage drop across the sensing element 


under operating conditions, package immersed in constant 
temperaturefluorinert bath,while measuring the casetemper- 
ature at the bottom of the package and power input for 
calculation of ReJC' The readings are recorded when the 
package has reached thermal equilibrium. 


4. Calculation of thermal resistance 
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100 
100 
200 
300 
400 
500 
600 
700 
600 
900 
1000 
AIR FLOW 
(IVmln) 


PACKAGE 
DIE SIZE 
(mlls)2 
ROJC (0 C/WATT) 


18J 
22,500 
6 


20J 
5,625 
14 


24J-S(1) 
5,625 
16 


24J-S(2) 
11,250 
9 


24J 
50,625 
3 


4OJ(3) 
22,500 
4 


4OJ(2) 
50,625 
2 


* These are typical 
values for the given die size. 
Other die size values to be supplied 
in the future. 


Most Monolithic 
Memories 
products 
will be slightly 
lower. 
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00 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
AIR FLOW (ft/mlnl 


PACKAGE 
DIE SIZE (mils)2 
~~JC 
(OC/WATT) 


20L 
5,625 
16 


28L(1) 
5,625 
20 


28L(2j 
22,500 
9 


44L 
22,500 
4 


84Lt 
50,625 
4 


* These are typical 
values for the given die size. 
Other die size values to be supplied 
in the future. 


Most Monolithic 
Memories products 
will be slightly 
lower. 


t 
Cavity up. 


100 
100 
200 
300 
400 
500 
800 
700 
800 
900 
1000 
AIR FLOW 
(lVmln) 


PACKAGE 
DIE SIZE (mlls)2 
R8JC rC/WATT) 


16N 
5.625 
29 


18N 
5.625 
30 


20N 
5.625 
23 


24N 
50.625 
10 


24N-S 
5.625 
22 


4ON-1 
22,500 
16 


4ON-3 
5.625 
23 


* These are typical 
values for the given die size. 
Other die size values to be supplied 
in the future. 


Most Monolithic 
Memories 
products 
will be slightly 
lower. 


100 
100 
200 
300 
400 
500 
600 
700 
600 
900 
1000 
AlA FLOW (lVmln) 


PACKAGE 
DIE SIZE 
(mlls)2 
R8JC (0 CIWATT) 


20NL 
5,625 
35 


28NL 
22.500 
16 


44NL 
22.500 
13 


68NL 
50.625 
8 


* These are typical 
values for the given die size. 


Other die size values to be supplied 
in the future. 


Most Monolithic 
Memories 
products 
will be slightly 
lower. 


00 
100 
200 
300 
400 
500 
600 
700 
600 
900 
1000 
AIR FLOW 
(lVmln) 


PACKAGE 
DIE SIZE 
(mils)2 
ROJC (0 C/WATT) 


88Pt 
50,625 
4 


68P 
22,500 
5 


* These are typical 
values for the given die size. 
Other die size values to be supplied in the future. 


Most Monolithic 
Memories products witl be slightly 
lower. 
t Cavity up. 
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00 
100 
200 
300 
400 
500 
lIOO 
700 
lIOO 
800 
1000 
AIR FLOW (ltfmln) 


PACKAGE 
DIE SIZE (mlls)2 
RlJC (OCIWATT) 


64T 
50.625 
3 


* These are typical 
values for the given die size. 


Other die size values to be supplied 
in the future. 


Most Monolithic 
Memories products 
will be slightly 
lower. 
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300 
100 
200 
300 
400 
500 
600 
700 
600 
900 
1000 
AIR FLOW llt/mln) 


PACKAGE 
DIE SIZE (mUI)2 
R~JC (OCIWATT) 


16W 
5,625 
21 


18W 
5,625 
17 


20W 
5.625 
15 


24W 
22,500 
4 


* These are typical 
values for the given die size. 


Other die size values to be supplied 
in the future. 


Most Monolithic 
Memories products will be slightly 
lower. 
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Notes 


